Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


E:  G.  Cowde:?y 


\ 
\ 


\ 


\ 


\  . 


^. 


..  * 


• 


■»' 


5         i       '^  \ 


A -J. 


%  *'     V    \ 


1     •      » 


• 


i 


:(/) 


NATIONAL 


Electric    Ligfht 


ASSOCIATION 


TWENTY-FIFTH  CONVENTION 


CINCINNATI,  OHIO 
May  aoth,  aist,  aad,  190a 


Published  by  Ordbr  op  the  Exbcutivb  Committeb 


NEW  YORK 

THE  JAMBS  KEMPSTER  PRINTING  COMPANY 

117-119-iai  LIBERTY  STREET 

190a 


S^-  ,  52 o.  ^  s 5     ■*m«D  oo,i,„  ,,,,,^^ 

/  KCEIVEO  THdooOH  THE 

MAOUATE  8CH00L  OM 
■""•"•AOdlmSTKATlO. 

1934 


I 

V     ! 
I 


CONTENTS 


PAGE 


Conventions  of  the  Association xv 

Presidents  of  the  Association       xvi 

Honorary  Members i 

Active  Members 2 

Associate  Members 11 

Officers  and  Executive  Committee 12 

Committees  to  report  to  the  Twenty-fifth  Convention     .     .  14 

Committees  to  report  to  the  Twenty-sixth  Convention     .     .  15 

Minutes — Opening  of  the  Convention 17 

Address  of  Welcome  —General  Andrew  Hickenlooper  18 

•Announcements 22 

Address  of  President  Doherty 28 

Executive  Session 

Amendments  to  Constitution — Change  in  Active  Mem- 
bership Dues 49 

Appointment  of  James  B.  Cahoon  as  Secretary     ...  59 

Vote  of  thanks  to  Secretary  George  F.  Porter  ....  60 

Second  Session 

Paper :    "  Does  It  Pay  to  Creosote  Wooden  Poles  for 

Electric  Line  Work."     By  W.  E.  Moore 63 

Discussion  :  "  What  Efficiency  Lamp  Should  Be  Used 
and  How  May  This  Efficiency  Be  Determined  for  Any 

Particular  Station "       76 

Third  Session 

Paper  :  "  The  Taking  Care  of  Consumers*  Complaints." 

By  Irvin  Butterworth 149 

Paper  :  **  What  Changes  Should  Be  Made  in  the  Plan  of 

Uniform  Accounting."       By  J.  P.  Crowley     ....  165 

Discussion  :    *'  Are   Loose- Leaf  Ledgers   Desirable  for 

Electric  Companies'  Records" 172 


VI 

Fourth  Session 

Discussion  :   '*  Three-Phase  versus  Two-Phase  for  City 

Distribution"        192 

Report — Committee  on  Standard  Rules  for  Electrical 

Construction  and  Operation 221 

Fifth  Session 

Report — Committee  for  Investigating  the  Photometric 
Values   of   Arc   Lamps 227 

Invitation  to  Hold  the  Twenty-seventh  Convention  at 

St.  Louis ,.     .     .     .       270 

Discussion:  "  Protection  of  Long-Distance  Transmission 

Lines" 273 

Sixth  Session 

Report — Committee  on  Dues 300 

Appointment  of  Committee  on  Relations  between  Manu- 
facturers and  Central-Station  Companies 303 

Report — Committee  on  Nominations   and  Election   of 

Officers 303 

Vote  of  Thanks  to  President  Doherty 308 

Paper :    "  Display  Lighting,   Signs   and    Decorations." 

By  Russell  Spaulding 311 

Paper  :  "  Possibilities  of  Sign  and  Decorative  Lighting." 

By  E.  J.  McAllister 320 

Seventh  Session 

Report — Committee  on  Standard  Candle  Power  of  In- 
candescent Lamps 344 

Address:    "The  National  Bureau  of  Standards."      By 

Frank  A.  Wolff,  Jr 347 

Paper:  "Performance  of  Present  220-Volt  Lamps." 
By  Fred  W.  C.  Bailey 357 

Discussion:    "Rates" 401 

Eighth  Session 

Discussion:  "Rates"  (Continued) 415 

Report— Committee  on  Resolutions 464 

Report — Committee  on  Memorials 465 

Topic  :  "  Hot- Water  versus  Steam  Heating  "      ....  469 


Vll 

Discussion  :  "  Are  Free  Lamp  Renewals  Desirable  "  493 

Discussion  :  **  What  Improvement  Is  Desired  in  Meters  "  504 

Topic:  *' Liquid  Fuel  *' 510 

Paper  :  *'  Advantages  of  Gas  Engines  for  Central-Station 

Work."     By  Charles  H.  Williams 525 

Meeting  Place  of  the  Twenty-sixth  Convention     .     .     .  548 

Report  of  Secretary  and  Treasurer 549 

Resolutions  of  Thanks 551 

QUESTION    BOX 

1  Is  it  possible  to  operate  induction  motors  for  elevator 

service  and  other  intermittent  use  from  lighting 
feeders  without  serious  disturbance  to  electro- 
motive force?  554 

2  What  specification  should  prevail  in  purchasing  in- 

duction motors  to  insure  least  disturbance  to  line 
electromotive  force? 558 

3  What  has  been  the  experience  from  use  of   single- 

phase  induction  motors  above  one  horse-power  on 
lighting  feeders  ? 560 

4  What  system  of  charging   best   lends   itself  to  the 

supply  of  power  with  induction  motors  ?   ....       567 

5  How  may  power  market  be  best  developed  ?     .     .     .       567 

6  Does  it  pay  to  rent  motors,  and  how  should  rental 

price  be  computed  ? 570 

7  What  is  the  best  means  to  reduce  breakage  of  inner 

globes  on  series  inclosed-arc  lighting  ?       ....       574 

8  To    what    extent    are  Nernst  lamps  displacing  arc 

lamps  ? 580 

9  How  may  street  arc  lamps  be  best  protected  from  the 

public's  tendency  to  destroy  them  ?        580 

10  What  are  the  most  vital  considerations  in  the  selec- 

tion of  a  constant-current  transformer  or  regulator 

for  series  alternating-cirrrent  arc  lighting  ?     .     .     .       581 

11  What  is  the  relative  efficiency  of  open  and  inclosed- 

arc  lighting? 583 

12  Should  we  use  large  arc-lamp  units  for  street  light- 

ing, or  use  smaller  lamps,  placing  them  nearer  to 

each  other? 584 


VIU 

13  What  effect  would  distance  between  arc  lamps  have 

upon  the   selection  of  open  or  inclo6ed-arc  lamps 

for  street  lighting  ? 586 

14  What  is  the  relative  cost  of  maintenance  of  a  6.6-am- 

pere  alternating-current  series  lamp  and  a  7.5-am- 
pere  lamp  of  same  type,  especially  as  far  as  life  of 
carbons  and  breakage  of  inner  globes  are  con- 
cerned ? 587 

15  What  is  the  relative  cost  of  trimming  and  mainte- 

nance of  open  and  inclosed-arc  lamps?       ....       588 

16  What  advantage  has  the  series  system  of  inclosed-arc 

lighting  for  street  circuits  over  the  multiple  system, 
other  than  the  saving  of  wire  in  making  the  circuit 
and  the  doing  away  with  independent  transformers 
on  the  line  ? 590 

17  When  incandescent  lamps  are  displaced  with  incan- 

descent arc  lamps  does  it  curtail  or  increase  the 
station's  income? 596 

18  Should  parallel  arc  lamps  be  purchased  by  the  con- 

sumer or  be  furnished  by  the  station,  either  free  or 

at  a  fixed  rental  ? 600 

19  How  may  rates  be  so  adjusted  as  to  compensate  for 

the  low  power  factor  of  alternating-current  multiple 
lamps,  which  require  a  larger  investment  for  gen- 
erating and  transformer  equipment  and  a  greater 
core  loss? 603 

20  What  is  the  relative  cost  of  trimming  and  maintain- 

ing inclosed-arc  lamps  as  compared  with  furnishing 

free  renewals  of  glow  lamps? 604 

21  What   results  have  been  obtained  from  the  use  of 

Nernst  lamps? 605 

22  Should   the  consumer  or  the  station  supply  Nernst 

lamps,  and  how  should  renewals  be  taken  care  of?       612 

23  Where  are  Nernst  lamps  being  used  for  street  light- 

ing, and  with  what  success  ?      612 

24  Is  the  Nernst  lamp  in  its  present  shape  and  at  its 

present  price  a  commercial  success? 613 

25  What  is  the  cp-hour  life  of  a  Nernst  lamp  to  a  depre- 

ciation of  twenty  percent  below  its  initial  value?  .       614 

26  Is  it  desirable  to  ground  secondaries,  as  permitted  by 

Rule  13a  of  National  Underwriters*  Code  ?   .     .     .       623 

27  Is  the  method  of  insulation  recommended  by  National 

Underwriters'  Code  desirable? 625 


IX 

28  Should  the  neutral  or  one  of  the  outside  wires  of  a 

secondary  system  be  grounded  ? 626 

29  What   degree  of  accuracy  in   regulation  should   be 

required  in  each  part  of  the  distributing  system 
between  the  station  switchboard  and  the  consu- 
mers' meters  ? 626 

80  What  method  of  protection  should  be  used  when 
transformers  are  operated  with  interconnected 
secondaries  to  prevent  a  short-circuit  at  one  point 
from  blowing  the  fuse  on  all  the  transformers 
feeding  the  connected  network  ? 627 

31  Is  it  not  just  as  necessary  to  protect  long  services 

and  interconnected  secondaries  from  lightning  as 

it  is  necessary  to  protect  our  primaries  ?     .     .  63 1 

32  What  form  of  lightning  arrester  best  lends  itself  to 

to  use  upon  secondaries  ? 633 

33  Which  is  preferred  on  alternating-current  systems 

to  indicate  regulation  :  A  system  of  pressure 
wires  or  a  compensating  voltmeter? 635 

34  Is  it  practical  to  use  three  pressure  wires  on  a  three- 

wire  secondary  system  ? 638 

35  Is  it  practical  to  use  three  pressure  wires  on  a  three- 

wire  secondary  system,  one  wire  being  a  common 
neutral  for  all  pressure  wires? 639 

36  Are  twin  conductors  desirable  for  service  wires  ?  .     .       639 

37  What  are  the  relative  advantages  of  induction-type 

meters  and  commutator-type  meters  ? 641 

38  What  general  rules  should  be  laid  down  for  locating 

a  meter  on  the  consumer's  premises  ? 647 

39  What  are  the   relative  advantages  of  index   meter 

dials  and  direct-reading  dials  ? 648 

40  Is  it  not  desirable  to  do  away  with  all  constants  on 

meters,  even  though  we  must  pay  more  for  the 
meters? 650 

41  Which  method  of  heating  is  more  remunerative  and 

practical  for  central  stations  ;  steam  or  hot  water  ?       652 

42  What    conditions   determine    the   wisdom   of   hand 

stoking  versus  mechanical  stoking? 652 

43  Is  it  advisable  to  shorten  the  hours  of  firemen  to 

increase  their  efficiency  ? *       655 

44  Are    steam    turbines    desirable    for    central-station 

work? 657 


45  What  is  the  efficiency,  cost,  space  required  and  main- 

tenance expense  of  steam  turbines  ?       664 

46  Why  should  not  coal  be  sold  at  a  price  compared 

with  its  ability  to  do  work  ;  its  worth  to  be  deter- 
mined by  a  commission  appointed  to  test  its  qual- 
ity and  frequent  tests  made  to  insure  receiving  the 
article  paid  for? 664 

47  What  is  the  best  method  of  protecting  high-tension 

transmission  lines  from  lightning?         666 

48  What  effect  will  lightning  have  on  transmission  lines 

operating  synchronous  apparatus  ? 666 

49  How  may  storage  batteries  be  protected,  operating 

in  connection  with  induction  or  synchronous  appa- 
ratus, when  interruptions  occur  on  the  transmis- 
sion line  ? 666 

50  What  is  the  cost  of  maintenance  and  depreciation  of 

storage  batteries  ? 669 

51  What  is  the  relative  heating  effect  of  alternating  and 

direct  current  ufK)n  lead-covered  cables  ?       ...       673 

52  What  breakdown  test  should  be  demanded  of  manu- 

facturers of  transformers  for  2,000  to  2,500-volt  dis- 
tribution where  secondaries  are  to  be  grounded  ?     .       673 

53  How  may  the  butts  of  hard  pine  poles  be  best  pre- 

served ? 675 

54  How  may  oil  stains  be  best  removed   from  marble 

panel  boards? 675 

55  I  should  like  to  have  someone  who  is  familiar  with 

the  subject  explain  the  matter  of  "  phase  "  and  its 
various  relations? 676 

56  How  low  a  pressure  as  between  an  underground  cable 

and  the  ground  is  a  dangerous  factor  in  the  matter 

of  electrolysis? 676 

57  Is  it  necessary  to  connect  an  independent  cable  that 

shall  return  the  current  to  the  power  house,  or  will 
grounding  of  the  cable  at  frequent  points  eliminate 
the  danger  from  electrolysis  ? 678 

58  What  is  the  efficiency  of  various  types  of  step-up  and 

step-down  transformers  ?       682 

59  What  is  the  best  method  of  determining  actual  de- 

preciation ?       682 

60  What  special  system  of  rates  is  best  suited  to  water- 

power  plant  ? 693 


XI 


61  Can  not  a  just  freight  rate  be  secured  for  the  ship- 

ment of  burned-out  armatures  and  their  return  ?  694 

62  If  a  company  is  furnishing  both  electric  light  and  gas, 

should  one  be  pushed,  or  should  both  be  pushed 
against  each  other  ;  gas  arcs  against  electric  arc 
lights,  Welsbachs  against  incandescents,  and  gas 
engines  against  motors  ? 694 

63  What  is  the  best  practice  with  regard  to  underground 

distribution  and  connections  to  consumers'  premises 
for  system  embracing  both  500-volt  direct  current, 
1,000-volt  alternating  current  and  direct-current 
series  arcs  ? .       698 

64  What  is  the  best  practice  regarding  the  transposition 

of  high-potential  alternating-current  lines  one  to 
fifteen  miles  in  length  ? 699 

65  What  is  the  best  means  of  attracting  new  electric- 

light  consumers  ? 704 

66  What  is  the  maximum  revenue  obtainable  from  any 

city  for  electric  lighting,  stated  on  a  per  capita 
basis  ? 708 

67  What  is  the  lowest  rate  at  which  electric  current  can 

be  sold  and  net  a  five  or  six  per  cent  profit  on  the 
capital  invested,  in  a  city  of  30,000  to  50,000  popu- 
lation, with  the  best  bituminous  coal  at  $4.00  per 
ton  ? 709 

68  In  a  large  station,  what  is  the  best  voltage  of  gen- 

erators when  about  one-half  of  the  current  is  for 
local  distribution  within  a  radius  of  five  miles  and 
the  other  half  is  to  be  raised  to  high  voltage  for 
long-distance  transmission  ? 711 

69  Is  it  desirable  to  pliace  high-tension  circuits  (10,000 

to  20,000  volts)  running  from  generating  stations 
in  country  districts  to  sub-stations  in  cities,  under 
ground  within  city  limits     ? 712 

70  Can   converters    supplying    street-railway    load   be 

operated  from  three-phase  or  two-phase,  60-cycle, 
separately-excited  alternators,  which  are  at  the 
same  time  supplying  a  lighting  load  of  incandes- 
cent lights  and  arc  lamps?  Will  the  pulsating 
load  on  the  rotary  cause  a  fluctuation  at  the  gener- 
ator beyond  that  which  is  occasioned  by  engine 
regulation  ?     Can  this  be  done  with  perfect  success 


Xll 


without   storage   battery  auxiliary,  or  some  such 
arrangement,  to  take  care  of  the  wide  fluctuations?      712 
71      How  is  the  "tub  transformer"  for  arc  lighting  re- 
garded from  the  central-station  standpoint  ?  716 


APPENDIX 

Report  of  Committee  on  President's  Address    .     .     .     .       717 


ADVERTISERS 

PAGE 

The  Okonite  Company,  Limited 721 

Fort  Wayne  Electric  Works 722 

The  Electric  Storage  Battery  Company 723 

American  Circular  Loom  Company 724 

Bryan-Marsh  Company 725 

Elblight  Company  of  America 726 

Sprague  Electric  Company 727 

Weston  Electrical  Instrument  Company 728 

John  A.  Roebling's  Sons  Company 729 

The  Phoenix  Glass  Company 730 

General  Electric  Company       731 

A.  G.  Schoonmaker  Company 732 

Moloney  Electric  Company 733 

The  National  Conduit  and  Cable  Company  ......  734 

National  Carbon  Company 735 

Crocker-Wheeler  Company 736 

The  India  Rubber  and  Gutta  Percha  Insulating  Company.  737 

Bullock  Electric  Manufacturing  Company 738 

Standard  Underground  Cable  Company 739 

Stanley  Electric  Manufacturing  Company 739 

Livermore  and  Knight  Company 740 

Diehl  Manufacturing  Company 740 

General  Incandescent  Arc  Light  Company 741 

Gregory  Electric  Company 742 

Western  Electric  Company 742 

Gould  Storage  Battery  Company .     .  743 

The  Adams-Bagnall  Electric  Company 744 

Standard  Vitrified  Conduit  Company 744 

The  Electrical  Review        745 

Lamp  Testing  Bureau 745 

Pass  and  Seymour,  Inc 74^ 

Walker  &  Kepler 747 

Electrical  World  and  Engineer 747 

Electric  Appliance  Company 748 

American  Electrical  Works 749 

Nernst  Lamp  Company 75° 

Westinghouse  Electric  and  Manufacturing  Company   .     .  751 


CONVENTIONS    OF   THE    ASSOCIATION 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Ninth 

Tenth 

Eleventh 

Twelfth 

Thirteenth 

Fourteenth 

Fifteenth 

Sixteenth 

Seventeenth 

Eighteenth 

Nineteenth 

Twejttieth 

Twenty-frst 

Twenty-second 

Twenty-third 

Twenty-fou  rth 

Twenty-fifth 


Chicago,   February  25,  26,   1885 

New  York,  August  18,   19,  20,   1885 

Baltimore,  Februarys  10,   11,   12,   1886 

Detroit,  August  31,  September  i,  2,  1886 

Philadelphia,  February  15,   16,   17,   1887 

Boston,  August  9,   10,   11,   1887 

Pittsburg,  February  21,  22,  23,   1888 

New  York,  August  29,  30,  31,   1888 

Chicago,  February  19,  20,  21,   1889 

Niagara  Falls,  August  6,  7,  8,   1889 

Kansas   City,    February   11,    12,    13,    14, 

1890 
Cape  May,  August  19,  20,  21,   1890 

Providence,  February  17,   18,   19,   1891 

Montreal,  September  7,  8,  9,   10,   1891 

Buffalo,  February  23,  24,  25,   1892 

St.  Louis,  February  28,  March  i,  2,  1893 

Washington,  February  27,  28,  March   i, 
2,   1894 

Cleveland,   February  19,   20,   21,   1895 

New  York,   May  5,  6,   7,   1896 

Niagara  Falls,  June  8,  9,   10,   1897 

Chicago,  June  7,  8,  9,   1898 

New  York,   May  23,  24,  25,   1899 

Chicago,   May  22,   23,   24,   1900 

Niagara  Falls,   May  21,  22,  23,   1901 

Cincinnati,   May  20,  21,   22,   1902 


PRESIDENTS    OF   THE    ASSOCIATION 


James  F.  Morrison,  of  Baltimore 
Samuel  A.  Duncan,  of  Pittsburg 
Edwin  R.  Weeks,  of  Kansas  City 
Marsden  J.  Perry,  of  Providence 
Charles  R.  Huntley,  of  Buffalo 
James  I.  Ayer,  of  St.  Louis 

Edward  A.  Armstrong,  of  Camden 
M.  JuDsoN  Francisco,  of  Rutland 
C.   H.  WiLMERDiNG,  of  Chicago 
Frederic  Nicholls,  of  Toronto 
Samuel  Insull,  of  Chicago 

Alden  M.  Young,  of  Waterbury 
Samuel  T.  Carnes,  of  Memphis 

James  Blake  Caiioon,  of  New  York 
Henry  L.  Doherty,  of  Denver 


HONORARY    MEMBERS 


R.  E.  Crompton,  London,  England 

Marcel  Deprez,  Paris,  France 

George  D.  Forbes,  London,  England 

Prof.   I.  Fujioka,  Tokyo,  Japan 

Edouard  Hospitaller,  Paris,  France 

Dr.  E.  L.  Nichols,  Cornell  University,  Ithaca,  New  York 

Baron  Alphonse  de  Rothschild,  Paris,   France 

John  T.  Sprague,  Birmingham,   England 

Joseph  W.  Swan,  Lauriston,  Bromley,  Kent,  England 

Prof.  Sylvanus  B.  Thompson,  Technical  College,  Finsbury,  London,  England 

Prof.  Yashima,  Tokyo,  Japan 

Lord  Kelvin,  Glasgow,  Scotland 

Charles  F.  Brush,  Cleveland,  Ohio 

Thomas  A.  Edison,  Orange,  New  Jersey 

Prof.  Elihu  Thomson,  Lynn,  Massachusetts 

Frank  J.  Sprague,  New  York  City 

George  S.  Bowen,  Elgin,  Illinois 

Prof.  Edward  Weston,  Newark,  New  Jersey 

Sir  William  Dawson,  Montreal,  Canada 

Frank  R.  Redpath,  Montreal,  Canada 

Prof.  Henry  T.  Bovey,  McGill  University,  Montreal,  Canada 

Thomas  D.  Lockwood,  Boston,  Massachusetts 

Nikola  Tesla,  New  York  City 

James  I.  Ayer,  Boston,  Massachusetts 

Cyrus  O.  Baker,  Jr.,  New  York  City 

Frederic  NichoUs,  Toronto,  Canada 


ACTIVE  MEMBERS 


Anmston, 
Bessemer, 
Birmin(;ham, 
Mobile, 


Eureka  Springs, 
Fort  Smith, 
LiiTLE  Rock, 
Pine  Bluff, 


Phcemx, 

Trcs<»N, 


Los  Angeles, 


San  Francisco, 


San  Leandro, 
Stockton, 

Aspen, 
CaSon  City, 
Colorado  Springs, 
Denver, 
DrRAN(;o, 

Fort  Collins, 
Idaho  Springs, 
Pueblo, 
Telluride, 

Victor, 

Branford, 
Bridgeport, 


ALABAMA 

Anniston  Electric  and  Gas  Company 

Bessemer  Electric  Company 

Birmingham  Railway,  Light  and  Power  Company 

Mobile  Light  and'Railroad  Company 

ARKANSAS 

Citizens'  Electric  Company 

Fort  Smith  and  Van  Buren  Light  and  Transit  Company 
Little  Rock  Edison  Electric  Light  and  Power  Company 
Pine  Bluff  Light  and  Water  Company 

ARIZONA 

Phcenix  Light  and  Fuel  Company 
Tucson  Gas  and  Electric  Company 

CALIFORNIA 

Edison  Electric  Company  of  Los  Angeles 

Pacific  Light  and  Power  Company 

Los  Angeles  Electric  Company 

United  Electric,  Gas  and  Power  Company 

Mutual  Electric  Light  Company 

San  Francisco  Gas  and  Electric  Company 

The  Standard  Electric  Company  of  California 

Suburban  Electric  Light  Company 

Stockton  Gas  and  Electric  Company 

COLORADO 

The  Roaring  Foi:k'Elc<;tric  Light  and  Power  Company 

Colorado  Eleciric  Power  Company 

Colorado  Springs  Eleciric  Company 

Denver  Gas  and  Electric  Company 

Durango  Light  and  Power  Company 

Charles  H.  Peters 

The  Larimer  Light  and  Power  Company 

The  Cascade  Electric  Company 

Pueblo  Lighting  and  Traction  Company 

Telluride  Light  and  Power  Company 

The  Telluride  Power  Company 

The  Pikes  Peak  Power  Company 

CONNECTICUT 

Branford  Lighting  and  Water  Company 
Connecticut  Railway  and  Lighting  Company 


Danbury, 

Derby, 

Hartford, 

Meriden, 

New  London, 

Norwich, 

rockville, 

Stamford, 

Thompsonville, 

Westport 


Wilmington, 


Washington, 


Key  West, 
Tampa, 


Athens, 

Atlanta, 

Augusta, 

Columbus, 

Savannah, 

Honolulu, 

Boisfe, 

Lewiston, 

Pocatello, 

Alton, 
Bloom  INGTON, 

Chicago, 


Clinton, 
Dixon, 
evanston, 
Edwardsville, 

Hillsboro, 

JOLIET, 


CONNECTICUT— O/f/j/ii/^'^ 

Danbury  and  Bethel  Gas  and  Electric  Company 

Derby  Gas  Company 

Hartford  Electric  Light  Company 

Meriden  Electric  Light  Company 

New  London  Gas  and  Electric  Company 

Norwich  Gas  and  Electric  Company 

Rockville  Gas  and  Electric  Company 

Stamford  Gas  and  Electric  Company 

Enfield  Electric  Light  and  Power  Company 

Westport  Water  Company 

DELAWARE 
Wilmington  City  Electric  Company 

DISTRICT  OF   COLUMBIA 
Potomac  Electric  Power  Company 

FLORIDA 

Key  West  Electric  Company 
Tampa  Electric  Company 

GEORGIA 

Athens  Electric  Railway  Company 
Georgia  Railway  and  Electric  Company 
Augusta  Railway  and  Electric  Company 
Columbus  Railroad  Company 
Savannah  Electric  Company 

HAWAII 
.  Hawaiian  Electric  Con(ipany,  Limited 

IDAHO 

Capital  Electric  Light,  Motor  and^Gas  Company 

Lewiston  Water  and  Power  Company 

American  Falls  Power,  Light  and  Water  Company,  Ltd. 

ILLINOIS 

Alton  Railway,  Gas  and  Electric  Company 

Bloomington  and  Normal  Railway,  Electric  and  Heat 
ing  Company 

Chicago  Edison  Company 

Chicago  Sectional  Electric  Underground  Company 

Commonwealth  Electric  Company 

Clinton  Gas  Company 

Dixon  Power  and  Lighting  Company 

Evanston  Electric  Illuminating  Company 

Edwardsville  Electric  Light,  Heating  and  Power  Com- 
pany 

Hillsboro  Electric  Light  and  Power  Company 

Economy  Light  and  Power  Company 


MOLINE, 
NOKOMIS, 

Peoria, 

rockford, 

Springfield, 

Streator, 

Taylorville, 


Alexandria, 
Elkhart, 
Elwood, 
Evansville, 
Fort  Wayne, 

KOKOMO, 

Madison, 
New  Albany, 
South  Bend, 

Terre  Haute, 
Wabash, 


Cedar  Rapids, 
Davenport, 
Des  Moines, 
Mason  City, 
Muscatine, 
Ottumwa, 
Red  Oak, 
Sioux  City, 


Clay  Center, 

TOPEKA, 

Covington, 
Lexington, 
Louisville, 
Madisonville, 

New  Orleans, 


Bangor, 
Portland, 
Water  VI  lle. 


ILLINOIS— (;>;/////«^r/ 

People's  Power  Company 

The  Nokomis  Electric  Light  and  Power  Company 

Peoria  Gas  and  Electric  Company 

Rockford  Edison  Company 

Springfield  Electric  Light  and  Power  Company 

Slreator  Gas  and  Light  Company 

Taylorville  Electric  Company 

INDIANA 

Alexandria  Electric  Light  and  Power  Company 

Elkhart  Electric  Company 

Elwood  Electric  Light  Company 

Evansville  Gas  and  Electric  Light  Company 

Jenney  Electric  Light  and  Power  Company 

The  Kokomo  Railway  and  Light  Company 

Madison  Lighting  Company 

United  Gas  and  Electric  Company 

South  Bend  Electric  Company 

A.  M.  Barron 

Terre  Haute  Electric  Company 

The  Wabash  Electric  Light  Company 

IOWA 

Cedar  Rapids  Electric  Light  and  Power  Company 
People's  Light  Company 
Des  Moines  Edison  Company 
Brice  Gas  and  Electric  Company 
Citizens'  Railway  and  Light  Company 
Ottumwa  Traction  and  Light  Company 
The  Red  Oak  Electric  Company 
Sioux  City  Gas  and  Electric  Company 

KANSAS 

F.  L.  Williamson  &  Company 

Edison  Electric  Illuminating  Company  of  Topeka 

KENTUCKY 

Union  Light,  Heat  and  Power  Company 
Lexington  Railway  Company 
Louisville  Electric  Light  Company 
Bailey  Light  and  Water  Company 

LOUISIANA 
New  Orleans  and  Carrollton  Railway,  Light  and  Power 
Company 

MAINE 

Public  Works  Company 

Portland  Lighting  and  Power  Company 

Waterville  and  Fairfield  Railway  and  Light  Company 


Baltimurk, 


Amherst, 

Attleboro, 

Beverly, 

Boston, 

Brockton, 

Brook  LINE, 

Cambridge, 

cohassrt, 

Fall  River, 

FiTCHBURG, 

Gardner, 

Lawrence, 

Lee, 

Lowell, 

Malden, 

Marlboro, 

New  Bedford, 

Newton, 

Pittsfield, 

Plymouth, 

Revere, 

Springfield, 

Southbridge, 

Westboro, 

West  Somrrville, 

Whitman, 

Winchendon, 

Woburn, 

Worcester, 


Adrian, 
Ann  Arbor, 

CORUNNA, 

Detroit, 
Eaton  Rapids, 

HoiGHTON, 

Ionia, 
Jackson, 
Saginaw, 
St.  Joseph, 


Albert  Lea, 
Crookston, 


MARYLAND 
United  Electric  Lijfht  and  Power  Company 

MASSACHUSETTS 

Amherst  Gas  Company 

Attleboro  Steam  and  Electric  Company 

Beverly  Gas  and  Electric  Company 

Edison  Electric  Illuminating  Company  of  Boston 

Edison  Electric  Illuminating  Company  of  Brockton 

Brookline  Gas  Light  Company 

Cambridge  Electric  Light  Company 

Cohasset  Electric  Company 

Fall  River  Electric  Lighting  Company 

Fitchburg  Gas  and  Electric  Company 

Gardner  Electric  Light  Company 

Lawrence  Gas  Company 

Lee  Electric  Comoanv 

Lowell  Electric  Light  Corporation 

Maiden  Electric  Company 

Marlborough  Electric  Company 

New  Bedford  Gas  and  Edison  Light  Company 

Newton  and  Watertown  Gas  Light  Company 

Pittsfield  Electric  Company 

The  Plymouth  Electric  Light  Company 

Suburban  Gas  and  Electric  Company 

United  Electric  Light  Company 

Andrew  F.  Hall 

Westboro  Gas  and  Electric  Company 

Somerville  Electric  Light  Company 

Whitman  Light  and  Power  Company 

Winchendon  Electric  Light  and  Power  Company 

"Woburn  Light,  Heat  and  Power  Company 

Worcester  Electric  Light  Company 

MICHIGAN 

Electric  Light  and  Power  Company,  Limited 
Washtenaw  Light  and  Power  Company 
Shiawassee  Light  and  Power  Company 
Peninsular  Electric  Light  Company 
Citizens'  Electric  Company 
Peninsula  Electric  Light  and  Power  Company 
Ionia  Electric  Company 
Jackson  Light  and  Power  Company 
Bartlelt  Illuminating  Company 

St.  Joseph   and   Benton   Harbor  Electric  Railway  and 
Light  Company 

MINNESOTA 

Albert  Lea  Light  and  Power  Company 

Crookston  Water  Works,  Power  and  Light  Company 


DULUTH, 

Little  Falls, 

Minneapolis, 
Pipestone, 
Red  Wing, 
St.  Paul. 
Winona, 


Aberdeen, 
Columbus, 
Meridian, 


De  Soto, 

JOPLIN, 

Kansas  City, 
Macon, 
Monett, 
St.  Louis, 


Anaconda, 

Billings, 
Butte, 
Great  Falls, 

Kalispell, 

Lincoln, 
Omaha, 


Concord, 

Dover, 

Franklin  Falls, 

Keene, 

Manchester, 

Nashua, 

Newport, 

Portsmouth, 

Atlantic  City, 
Elizabeth, 


MINNESOTA— Coft/inufd 

m  

Duluth  General  Electric  Company 
Morrison  County  Electric  Light,  Heat  and  Power  Com- 
pany 
Minneapolis  General  Electric  Company 
Pipestone  Light,  Heat  and  Power  Company 
Red  Wing  Gas  and  Electric  Company 
Edison  Electric  Light  and  Power  Company 
Winona  Railway  and  Light  Company 

MISSISSIPPI 

J.  F.  Enderlin  Electric  Light  Company 
Columbus  Light  and  Power  Company 
Meridian  Railway  and  Light  Company 

MISSOURI 

Consumers'  Electric  Light  and  Power  Company 

Southwest  Missouri  Light  Company 

Kansas  City  Electric  Light  Company 

Northwest  Electric  Light,  Heat  and  Power  Company 

Monett  Electric  Light,  Power  and  Ice  Company 

Union  Electric  Light  and  Power  Company 

Laclede  Gas  Company 

MONTANA 

Anaconda  Copper  Mining  Company,  Electric  Light  and 
Railway  Department 

Billings  Water  Power  Company 

Butte  Light  and  Power  Company 

Boston  and  Great  Falls  Electric  Light  and  Power  Com- 
pany 

Big  Fork  Electric  Power  and  Light  Company 

NEBRASKA 

Lincoln  Gas  and  Electric  Company 
New   Omaha  Thomson-Houston  Electric   Light   Com- 
pany 

NEW    HAMPSHIRE 

Concord  Electric  Company 

United  Gas  and  Electric  Company 

Franklin  Light  and  Power  Company 

Keene  Gas  Light  Company 

Manchester  Traction,  Light  and  Power  Company 

Nashua  Light,  Heat  and  Power  Company 

Newport  Electric  Light  Company 

Rockingham  County  Light  and  Power  Company 

NEW  JERSEY 

Atlantic  Electric  Light  and  Power  Company 
United  Electric  Company  of  New  Jersey 


Hack  ENS  ACK, 
Hammonton, 
Tersey  City, 
Lambertville, 
Long  Branch, 

MORRlSTOWN» 

Newark, 
Paterson, 
Plainfield, 
Trenton, 


Albion, 

Bat  A  VI  A, 

Auburn. 

Brooklyn, 

Buffalo, 

Elmira, 

Far  Rockaway, 

FiSHKILL-ON-HUDSON 

Fulton, 

Gloversville, 

Greenwich, 

HoosicK  Falls, 

Kingston, 

Lyons, 

Mount  Vernon, 

Newburgh, 

New  York  City, 


Niagara   Falls, 


Nyack, 

Norwich. 

Oneida, 

Oneonta, 

Potsdam, 

Poughkeepsie, 

Richfield  Springs, 

Rochester, 

Roslyn, 

Schenectady, 

Syracuse, 


NEW   JERSEY— Conttnue</ 

The  Gas  and  Electric  Company  of  Bergen  County 
Electric  Light,  Heat  and  Power  Company 
United  Electric  Company  of  New  Jersey 
Hunterdon  Electric  Company 
Consolidated  Gas  Company  of  New  Jersey 
United  Electric  Company  of  New  Jersey 
United  Electric  Company  of  New  Jersey 
Paterson  and  Passaic  Gas  and  Electric  Company 
Plainfield  Gas  and  Electric  Company 
South  Jersey  Gas,  Electric  and  Traction  Company 

NEW    YORK 

Albion  Power  Company 

Consolidated  Gas  and  Electric  Company 

Auburn  Light,  Heat  and  Power  Company 

Edison  Electric  Illuminating  Company  of  Brooklyn 

Buffalo  General  Electric  Company 

Elmira  Water,  Light  and  Railroad  Company 

Queens  Borough  Gas  and  Electric  Company 

Citizens'  Railroad,  Light  and  Power  Company 

Fulton  Light,  Heat  and  Power  Company 

Fulton  County  Gas  and  Electric  Company 

Consolidated  Electric  Company 

Hoosick  Falls  Electric  Company 

Kingston  Electric  Company 

Wayne  County  Electric  Company 

Westchester  Lighting  Company 

Newburgh  Light,  Heat  and  Power  Company 

Henry  L.  Doherty 

The  New  York  Edison  Company 

United  Electric  Light  and  Power  Company 

Buffalo  and   Niagara  Falls  Electric  Light  and   Power 

Company 
Niagara    Falls   Hydraulic   Power  and    Manufa  taring 

Company 
The  Niagara  Falls  Power  Company 
Rockland  Light  and  Power  Company 
Norwich  Gas  and  Electric  Company 
Madison  County  Gas  and  Electric  Company 
Oneonta  Light  and  Power  Company 
Potsdam  Electric  Light  and  Power  Company 
Poughkeepsie  Electric  Light  and  Power  Company 
Richfield  Springs  Electric  Light  and  Power  Company 
Citizens'  Light  and  Power  Company 
Rochester  Gas  and  Electric  Company 
Nassau  Light  and  Power  Company 
Schenectady  Illuminating  Company 
Syracuse  Lighting  Company 


8 


TONAWANDA, 
Tux  EDO, 

Utica, 
Watertowx. 


ashevili.f, 
Elizabeth  City, 
Ralekih, 
Soi'THERN   Pines, 


Akron, 
Canton, 
Cincinnati. 
Cleveland, 

CoLUMBL'S, 

Lancaster, 
Leipsic, 
Portsmouth, 
Salem, 

Si'RINC.FIELD, 

Toledo, 
Warren, 
You  NO  stow  N. 
Zanesville, 


London, 

O'lTAWA, 


Ashland, 
Marsh  FIELD, 
Portland, 
Sumpter, 


Altoona, 

Bellkvue, 

Bethlehem, 

Bradford, 

Bristol, 

Carbondale, 

Carli^^lf, 

Connfli.sville, 

Danville, 

DoVI.KSTOWN, 


NEW  YORK— G?/f//////^./ 

Tonawanda  Power  Company 
Tuxedo  Electric  Lif^ht  Company 
The  Utica  Gas  and  Electric  Company 
Watertovvn  Electric  Light  Company 

NORTH    CAROLINA 

Asheviile  Electric  Company 

Electric  Light  Company  of  Elizabeth  City 

Raleigh  Electric  Company 

Biscoe  Electric  Light  Plafnt 

OHIO 

The  Northern  Ohio  Traction  Company 

Canton  Light,  Heat  and  Power  Company 

The  Cincinnati  Gas  and  Electric  Company 

Cleveland  Electric  Illuminating  Company 

Columbus  Edison  Electric  Light  Company 

The  Lancaster  Electric  Light  Company 

Leipsic  Electric  Light,  Heat  and  Power  Company 

Portsmouth  Street  Railroad  and  Light  Company 

Salem  Electric  Light  and  Power  Company 

Springfield  Light  and  Power  Company 

Toledo  Consolidated  Electric  Company 

Warren  Light  and  Power  Company 

Youngstown  Consolidated  Gas  and  Electric  Company 

The  Zanesville  Electric  Light  Company 

ONTARIO 

London  Electric  Company 
The  Ottawa  Electric  Company 

OREGON 

Ashland  Electric  Power  and  Light  Company 
Marshfield  Lighting  Company 
Portland  General  Electric  Company 
Robert  E.  Strahorn 

PENNSYLVANIA 

The  Edison  Electric  Illuminating  Company  of  Altoona 
Ohio  Valley  Electric  Company 
Bethlehem  Electric  Light  Company 
Bradford  Electric  Light  and  Power  Company 
Bristol  Electric  Light  and  Power  Company 
Lackawanna  Valley  Electric   Light  and  Power  Supply 

Company 
Carlisle  Gas  and  Water  Company 
The  Electric  Company 
Standard  Electric  Light  Company 
Doylesiown  Eleriric  Company 


Easton, 
Erie, 

Franklin, 
Lew  I  STOW  N, 
Manheim, 
Morton, 
New  Castle, 
Oil  City, 
Philadelphia, 


Reading, 

scranton, 

Washington, 

Waynesboro, 

Waynesbl'rg, 

West  Chester, 

WiLLIAMSrORT, 

York, 


Montreal, 
Quebec, 


Pawtucket, 
Providence, 
Woonsocket, 


COLLMBIA, 


Lead. 


Chattanooga, 
Knoxville, 
Memphis, 
Nashville, 


Corsicana, 
El  Paso, 
San  Antonio, 


PENNSYLVANIA— CV///i««/./ 

Easton  Power  Company 
The  Erie  Company 
Franklin  Electric  Company 
Lewistown  Electric  Light  Company 
Lancaster  Valley  Electric  Light  Company 
Faraday  Heat,  Power  and  Light  Company 
New  Castle  Electric  Company 
Citizens'  Light  and  Power  Company 
Southern  Electric  Light  Company 
The  American  Railways  Company 
The  Brush  Electric  Light  Company 
The  Electric  Company  of  America 
Metropolitan  Electric  Company 
Scranton  Illuminating,  Heat  and  Power  Company 
Washington  Electric  Light  and  Power  Company 
Waynesboro  Electric  Light  and  Power  Company 
Waynesburg  Electric  Light  and  Power  Company 
Edison  Electric  Illuminating  Company 
Lycoming  Electric  Company 
■Edison  Electric  Light  Company 

QUEBEC 

Lachine  Rapids  Hydraulic  and  Land  Company 
Montreal  Light,  Heat  and  Power  Company 
Quebec-Jacques-Cartier  Electric  Company 
Quebec  Railway,  Light  and  Power  Company 
The  Canadian  Electric  Light  Company 

RHODE  ISLAND 

Pawtucket  Electric  Company 
Narragansett  Electric  Lighting  Company 
Woonsocket  Electric  Machine  and  Power  Company 

SOUTH  CAROLINA 
Columbia  Street  Railway,  Light  and  Power  Company 

SOUTH  DAKOTA 
Belt  Light  and  Power  Company 

TENNESSEE 

Chattanooga  Light  and  Power  Company 
Knoxville  Traction  Company 
Memphis  Light  and  Power  Company 
Cumberland  Electric  Light  and  Power  Company 

TEXAS 

Corsicana  Gas  and  Electric  Company 

El  Paso  Electric  Company 

San  Antonio  Gas  and  Electric  Company 
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Bellows  Falls, 
Bennington, 
Fair  Haven, 

MiDDLEBURY, 

Montpelier, 
Rutland, 


Lynchburg, 
Richmond, 

Roanoke, 


Dayton, 
Everett, 

HOQUIAM, 

Seattle, 
Walla  Walla, 


Wheeling, 


Antigo, 

Fond  du  Lac, 

Janesville, 

Kenosha, 

La  Crosse, 

Madison, 

Menomonie, 

Oconto, 

Rhinelander, 


VERMONT 

The  Fall  Mountain  Electric  Light  and  Power  Company 

Bennington  Water  Power  and  Liglit  Company 

Fair  Haven  Electric  Company 

Middlebury  Electric  Company 

Consolidated  Lighting  Company 

Rutland  City  Electric  Company 

VIRGINIA 

Lynchburg  Traction  and  Light  Company 

Virginia  Passenger  and  Power  Company 

Virginia  Electrical  Railway  and  Development  Company 

Roanoke  Railway  and  Electric  Company 

WASHINGTON 

Dayton  Electric  Light  and  Power  Company 
Everett  Railway  and  Electric  Company 
North  Shore  Electric  Company 
Seattle  Electric  Company 
Snoqualmie  Falls  Power  Company 
Walla  Walla  Gas  and  Electric  Company 

WEST  VIRGINIA 
Wheeling  Electrical  Company 

WISCONSIN 

Antigo  Electric  Light  Plant 

Fond  du  Lac  Street  Railway  and  Light  Company 

Janesville  Electric  Company 

Kenosha  Gas  and  Electric  Company 

Edison  Light  and  Power  Company 

Madison  Gas  and  Electric  Company 

Menomonie  Electric  Light  and  Power  Company 

W.  A.  Holt 

Rhinelander  Lighting  Company 


ASSOCIATE    MEMBERS  . 


Auburn,  N.  Y., 
Baltimore,  Md., 
Boston,  Mass., 


Bridgeport,  Conn, 
Chicago,  III., 


Cincinnati,  O., 
Clen'eland.  O., 

Dayton,  O., 
fostoria,  o., 
Hartford,  Conn., 
La  Plata,  Argen- 
tine Republic, 

lockport,  n.  y., 
Newark,  N.  J., 


New  York  City, 


Mcintosh,  Seymour  and  Company 
Electrical  Material  Company 
Albert  and  J.  *M.  Anderson 
American  Circular  Loom  Company 
Frank  Ridlon  Company 
Pettingell-Andrews  Company 
,  Bryant  Electric  Company 
Electric  Appliance  Company 
The  Stirling  Company 
Western  Electric  Company 
IVestern  Electrician 

Bullock  Electric  Manufacturing  Company 
National  Carbon  Company 
The  United  States  Carbon  Company 
National  Cash  Register  Company 
Crouse-Tremaine  Carbon  Company 
Electric  Vehicle  Company 


( 


Frank  Cassels 

American  District  Steam  Company 

Baker  and  Company 

The  C.  Mclntire  Company 

Weston  Electrical  Instrument  Company 

American  Electrician  Company 

Bryan-Marsh  Company 

Day's  Kerite 

Elblight  Company  oi  America 

Electrical  Review  Publishing  Company 

Electricity  Newspaper  Company 

Evans,  Almirall  and  Company 

Franklin  H.   Kalbfleisch  Company 

General  Electric  Company 

General  Incandescent  Arc  Light  Company 

Gould  Storage  Battery  Company 

Hugo  Reisinger 

H.  W.  Johns  Manufacturing  Company 

India  Rubber  and  Gutta  Percha  Insulating  Company 

John  A.  Roebling's  Sons  Company 

Manhattan  General  Construction  Company 

Manhattan  Electrical  Supply   Company 
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New  York  City,       Monarch  Fire  Appliance  Company 

National  Conduit  and  Cable  Company 

New  York  Insulated  Wire  Company 

Osborn  Flexible  Conduit  Company 

Rossiter,  MacGovem  ^nd  Company 

Safety  Insulated  Wire  and  Cable  Company 

Sprague  Electric  Company 

Standard  Paint  Company 

The  Dale  Company 

The  Electrical  World  and  Engineer 

The  Okonite  Company 

The  Phoenix  Glass  Company 

Philadelphia.  Pa.,  Alfred  F.  Moore 

Electric  Storage  Battery  Company 

PiTTSBiRG,  Pa.,         Nernst  Lamp  Company 

Standard  Underground  Cable  Cpmpany 
Westinghouse  Electric  and  Manufacturing  Company 
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looper 
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3.  Address  of  President  Doherty 

4.  Executive  Session 


SECOND    SESSION,     2.IO    P.     M. 

1.  Paper — **  Does   It  Pay  to   Creosote  Wooden  Poles 

for  Electric  Line  Work?"      By  W.  E.   Moore 

2.  Discussion — **  What    Efficiency    Lamp    Should    Be 

Used,  and  How  May  This  Efficiency  Be 
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Henry  L.  Doherty,  S.  E.  Doane,  L.  G. 
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Marsh 
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LEY 
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H.  H.  Fairbanks,  Georoe  W.  Dayenport, 
Charles  R.   Price 


MINUTES 


OPENING  OF  THE  CONVENTION 


The  association  convened  at  the  Grand  Hotel, 
Cincinnati,  Ohio,  Tuesday  morning,  May  20th,  1902, 
and  was  called  to  order  by  President  Doherty  at  a 
quarter  after  ten  o'clock. 

The  President  :  Gentlemen,  I  have  the  pleasure 
of  introducing  General  Andrew  Hickenlooper,  president 
of  the  Cincinnati  Gas  and  Electric  Company,  who  will 
welcome  us  to  the  city  of  Cincinnati.  I  have  had  the 
pleasure  of  attending  a  number  of  functions  in  Cin- 
cinnati as  the  guest  of  the  Cincinnati  Gas  and  Electric 
Company,  and  we  have  always  had  a  very  warm  wel- 
come, and  have  found  a  very  agreeable  host  in  General 
Hickenlooper. 


General  Hickenlooper  then  read  the  following 

ADDRESS  OF  WELCOME 

Gentlemen  of  the  National  Electric  Light  Association  : 

It  affords  me  pleasure  to  acknowledge  the  compli- 
ment of  being  assigned  to  the  agreeable  duty  of  extend- 
ing, on  behalf  of  our  citizens  and  your  resident  fellow 
craftsmen,  a  cordial  and  heartfelt  welcome  to 

**The  Queen  City  of  the  West,  in  her  garlands  dressed. 
On  the  banks  of  the  beautiful  river." 

Our  city,  within  her  territorial  and  tributary  limits, 
embraces  a  population  of  nearly  half  a  million  people, 
two  hundred  thousand  of  whom  are  directly  engaged 
in  manufacturing  enterprises,  turning  out  every  year 
products  valued  at  three  hundred  millions  of  dollars, 
which  find  their  way,  over  twenty  centering  lines  of 
railways,  to  every  section  of  the  habitable  globe.  It 
contains  the  largest  soap  works,  the  biggest  tannery, 
the  most  extensive  lithographing  establishment,  the 
greatest  shoe  industries,  and  the  largest  number  of 
carriage  factories  of  any  city  in  the  world. 

Last,  but  not  least,  our  city  contains  one  of  the 
best-equipped  and  most  efficiently  managed  electric 
manufacturing  plants  in  this  country,  which,  based  upon 
its  past  history  and  phenomenal  growth,  gives  promise 
of  taking  its  place  in  the  near  future  in  the  front  rank 
of  the  great  electrical  industries  of  our  country.  From 
the  mere  nucleus  of  a  plant  employing  but  twenty 
men  in  1896,  it  has  in  this  brief  period  of  half  a 
dozen  years  grown  to  the  dimensions  you  will  be 
afforded    an    opportunity    of   inspecting ;    briefly  stated, 


19 

having  ultimately  a  producing  capacity  of  10,000-kilowatt 
machines  and  furnishing  employment  to  800  men. 

Not  only  do  we  thus  point  with  pride  to  our 
various  manufacturing  enterprises,  but  we  take  equal 
pleasure  in  calling  your  attention  to  the  beauties  of 
our  suburban  residence  districts;  to  our  incomparable 
zoological  gardens;  to  our  Music  Hall,  our  Art  Mu- 
seum and  Rookwood  pottery ;  to  our  Cincinnati  Uni- 
versity, our  high-school  buildings,  and  other  notable 
structures,  the  erection  of  which  was  made  possible  by 
the  munificent  bequests  of  McMicken,  Springer,  West, 
Woodward,  Hughes,  Cunningham,  and  other  enterpris- 
ing and  public-spirited  citizens,  who  by  such  commend- 
able acts  have  endeared  their  names  to  every  inhab- 
itant of  our  city. 

To  you,  gentlemen,  who  honor  us  with  your  pres- 
ence, it  is  unnecessary  to  say  more  than  to  refer  briefly 
to  the  pleasure  we  feel  in  extending  this  welcome  to 
men  who  have  by  their  energy,  genius  and  scientific 
attainments  rivaled  the  accomplishments  of  Aladdin, 
with  whose  phenomenal  success  in  the  lamp  business 
it  is  presumed  you  are  all  still  more  or  less  familiar. 
But  in  order  that  you  may  not  claim  an  exclusive 
patent  on  his  business  methods,  or  arrogate  to  your- 
selves all  the  credit  for  success  in  **  changing  new 
lamps  for  old  ones,"  I  desire  to  call  your  especial 
attention  to  the  fact  that  even  in  his  case  it  became 
necessary  to  enlist  the  services  of  two  promoting 
agencies — ^the  **  Genius  of  the  Lamp,"  which  you  may 
properly  represent,  and  the  **  Genius  of  the  Ring,"  a 
term  not  infrequently  locally  applied  to  gentlemen  like 
myself,  who  have  rendered  material  assistance  in  pro- 
moting the  introduction  and  utilization  of  the  appli- 
ances that  your  genius  has  created. 

It  has  been  said  of  the    immortal    Lincoln  that  for 
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a  time  **he  forged  the  thoughts  that  governed  the 
world."  You,  gentlemen,  have  not  only  foiled  the 
thoughts,  but  have  moulded  into  practical  shape  the 
crude  ideas  of  others,  and  have  made  possible  their 
application  to  industrial  pursuits  and  business  enterprises 
that  have  enriched  the  world  and  added  materially  to 
the  comfort  and  happiness  of  mankind. 

It  is  not  my  purpose  to  weary  you  with  words  of 
fulsome  praise,  but  only  to  voice  as  briefly  as  possible 
the  sentiments  of  all  thinking  people  who  recognize 
the  fact  that  you  have  established  for  yourselves  repu- 
tations for  ability,  energy,  integrity,  and  that  type  of 
manhood  that  marks  each  and  every  member  of  your 
association  as  distinctive  characters  of  an  age  which  in 
scientific  accomplishments  stands  unparalleled  in  the 
world's  history. 

We  sincerely  hope  that  this,  your  twenty-fifth 
meeting,  may  prove  no  less  enjoyable  and  profession- 
ally profitable  than  those  that  have  preceded  it ;  and 
when  you  have  finally  exchanged  all  your  new  lamps 
and  ideas  for  our  old  ones,  and  leave  for  your  distant 
fields  of  labor,  we  trust  that  each  and  every  one  may 
carry  with  him  naught  but  pleasant  memories  of  your 
only  too  brief  visit  to  our  city. 

Mr.  Frederic  Nicholls:  Mr.  President,  and 
fellow  members  of  the  National  Electric  Light  Asso- 
ciation :  Your  president  has  asked  me  to  return 
thanks  to  General  Hickenlooper  for  his  very  cordial 
address  of  welcome  to  the  members  of  the  National 
Electric  Light  Association  here  assembled.  I  have 
been  asked  to  be  brief,  and  I  will  heed  the  request. 
At  the  same  time,  sir,  I  wish  to  say,  in  response  to 
this  address  of  welcome  (and  I  think  I  have  some 
means   of    knowing,  as   I    have   been   at   nearly    every 
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meeting  of  this  association  since  its  inception),  that  I 
have  never  seen  a  programme  at  any  previous  con- 
vention that  gave  such  promise  of  accomplishing  so 
much  for  the  benefit  of  the  electrical  industry  in 
general ;  and  after  listening  to  the '  cordial  welcome 
from  General  Hickenlooper  I  am  ready  to  say  that  I 
do  not  believe  we  have  ever  assembled  in  convention 
in  any  other  city  where  we  have  been  promised  so 
great  and  so  varied  an  entertainment.  I  am  sure  I 
look  forward  with  great  pleasure,  personally,  to  spend- 
ing the  next  few  days  in  this  city,  and  I  am  sure 
that  each  and  all  of  us  will  go  away  with  higher  ideas 
in  regard  to  the  city  and  with  grateful  recollections  of 
the  enjoyment  we  have  had  during  our  stay  ;  and  that 
we  shall  also  go  away  feeling  that  we  have  learned  a 
great  deal  in  our  chosen  profession  after  listening  to 
the  splendid  programme  that  has  been  prepared  by 
our  president  and  the  executive  committee  of  this 
association. 

General  Hickenlooper,  I  have  much  pleasure  in 
extending  to  you  on  behalf  of  the  association  a  cordial 
vote  of  thanks  for  your  hearty  welcome  to  the 
members  of  the  association. 


ANNOUNCEMENTS 


Letters  of  regret  from  the  following  members 
were  then  read : 

**New  York,  April  22d,   1902. 

**Mr.   Henry  L.  Doherty, 

**  President  National  Electric  Light  Association, 

**i36  Liberty  Street,  New  York. 

**  Dear  Sir  :  Acknowledging  your  courteous  invi- 
tation dated  April  7th,  I  wish  to  thank  you  for  your 
kind  thought.  I  am  following  with  sympathetic 
interest  the  efforts  of  the  association,  and  regret  very 
much  that  urgent  duties,  to  which  I  must  attend, 
make  it  impossible  for  me  to  participate  in  them 
actively. 

**With  best  wishes  for  the  success  of  the  coming 
meeting,  I  remain 

**  Yours  very  truly, 

**N.  Tesla." 

**Lynn,  Mass.,  May  5th,   1902. 

**  Mr.  Henry  L.  Doherty, 

**  President  National  Electric  Light  Association, 

**i36  Liberty  Street,  New  York. 

**  Dear  Sir  :  I  wish  to  acknowledge  the  receipt  of 
your  kind  invitation  to  be  present  at  the  twenty-fifth 
convention  of  the  National  Electric  Light  Association, 
at  Cincinnati,  May  20-22.  I  hardly  think  I  shall  be 
able  to  make  the  trip  at  that  time,  as  my  engage- 
ments are  likely  to  interfere. 

**  Thanking  you  for  your  courtesy,   I  am 

**Very  truly  yours, 

**Elihu  Thomson." 
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**  34  Great  George  Street,  ( 
**  Westminster,  S.  W.,  April  17th,   1902.  )' 

**  Henry  L.  Doherty,  Esq., 

**  President  National  Electric  Light  Association, 

**New  York. 

**  Dear  Sir  :  Your  very  kind  invitation  to  the 
convention  of  your  association  to  be  held  at  Cincin- 
nati, May  20-22,  has  reached  me  on  my  return  from 
a  voyage  abroad. 

**  While  thanking  you  for  the  honor  you  have  done 
me,  I  regret  that  I  cannot  leave  England  again  at 
present  and  must  therefore  decline  your  most  kind 
invitation. 

**  Believe  me,  dear  sir, 

*.*  Most  cordially  yours, 

**  George  Forbes." 


**  Cornell  University,  / 
**  Ithaca,  N.  Y.,  April  9th,   1902.  [ 

**  Mr.  Henry  L.  Doherty, 

**  President  National  Electric  Light  Association, 

**  New  York. 

**  Dear  Mr.  Doherty  :  I  have  the  honor  to 
acknowledge  the  receipt  of  your  invitation  to  be 
present  at  the  twenty-fifth  convention  of  the  National 
Electric  Light  Association,  to  be  held  at  Cincinnati, 
May  20th,  1902.  I  regret  that  my  duties  here  will 
probably  make  it  impossible  for  me  to  attend.  I 
greatly  enjoyed  the  meeting  at  Niagara  Falls,  and 
should  esteem  it  a  privilege  to  be  present  at  the 
coming  convention. 

**  Yours  very  truly, 

**Edw.  L.  NicHoi-s." 
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**  McGiLL  University,  ( 
**  Montreal,  April  30th,   1902.  \ 

**  Henry  L.  Dohertv,  Esq., 

**  President  National  Electric  Light  Association, 

**  New  York,  U.  S.  A. 

**  Dear  Sir  :  I  have  postponed  replying  to  your 
kind  invitation  of  April  7th  until  now,  hoping  that  I 
might  be  fortunate  enough  to  see  my  way  clear  to 
accept  it.  I  regret,  however,  that  I  find  that  it  will 
be  impossible  to  do  so,  as  my  engagements  in  the 
east  and  west  of  Canada  will  occupy  me  very  largely 
during  the  months  of  May  and  June. 

**  Thanking  you  for  your  courtesy, 

**  Believe  me  to  remain 

**  Yours  very  truly, 

**  Henry  T.   Bovey." 


*'Crompton  Laboratory,  | 

**  Kensington    Court,  London,  W.,   - 

**  April  2 1  St,   1902.      ) 
**  Henry  L.   Doherty,  Esq., 

**  President  National  Electric  Light  Association, 

''  New  York. 

**  Dear  Sir  :  I  feel  greatly  honored  by  your  kind 
invitation  to  be  present  at  the  twenty-fifth  convention 
of  your  association,  at  Cincinnati,  Ohio,  on  May  20th, 
but  I  regret  that  on  account  of  my  being  at  present 
attached  to  the  staff  of  the  War  Office  of  this 
country  I  am  not  able  to  avail  myself  of  your  invi- 
tation, as  I  cannot  leave  England  for  some  months 
to  come. 

**  Thanking  you,   I  remain 

**  Yours  very  faithfully, 

**R.  E.  Crompton, 
**  Lieutenant-Colonel  R.  E  " 
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**  Treasury  Department,  ) 

**  National  Bureau  of  Standards,   - 

**  Washington,   May  ist,   1902.      ) 

*'  Mr.  Geo.  F.  Porter, 

**  Secretary  National  Electric  Light  Association, 

**New  York  City. 

**  Dear  Sir  :  I  beg  to  acknowledge  receipt  of 
your  invitation  to  attend  the  twenty-fifth  convention 
of  the  National  Electric  Light  Association,  to  be  held 
at  Cincinnati,  May  20-22. 

**  It  gives  me  pleasure  to  state  that  either  myself 
or  a  representative  of  this  Bureau  will  be  present  at 
the  meeting,  and  will  make  a  statement  as  to  the 
progress  and  future  development  of  the  Bureau.  We 
should  also  be  pleased  to  have  suggestions  from  the 
National  Electric  Light  Association,  as  it  is  our  desire 
to  co-operate  with    such    bodies  in  every  possible  case. 

**  Respectfully, 

**  S.  W.  Stratton, 

**  Director." 


**  Waupaca,  Wis.,   May  3d,    1902. 

**  Mr.  Geo.  F.  Porter, 

**  Secretary  National  Electric  Light  Association, 

**New  York  City. 

*'  Dear  Sir  :  Please  convey  to  Mr.  Henry  L. 
Doherty,  president  of  the  National  Electric  Light 
Association,  my  thanks  for  his  courtesy  in  extending 
to  me  an  invitation  to.  attend  the  twenty-fifth  conven- 
tion of  the  association,  to  be  held  at  Cincinnati,  May 
26-22. 

**  It  will  be  impossible  for  me  to  say  at  this  time 
whether  it  will  be  possible  for  me  to  be  present  or 
not.  If  circumstances  are  such  that  I  can  get  away  I 
shall  be  only  too  glad  to  be  with  you. 
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**  With  personal  regards  to  your  president,  and  best 
wishes  for  the  National  Electric  Light  Association, 
I   remain 

**  Yours  truly, 

**  Irving  P.  Lord, 
**  President  Northwestern  Electrical  Association/' 


The  President  :  Gentlemen,  before  going  on  with 
the  regular  programme  I  have  a  few  announcements 
to  make.  The  first  is  in  regard  to  calling  the  meet- 
ings on  time.  We  have  the  largest  programme  to 
cover  that  we  have  ever  had  at  one  of  our  conven- 
tions. We  cannot  finish  it  unless  we  attend  to  busi- 
ness. We  must  attend  strictly  to  business,  and  be 
brief  and  to  the  point,  and  whatever  hour  is  fixed  for 
reconvening  will  be  observed  strictly,  and  the  meeting 
will  be  called  to  order  exactly  at  that  time.  You 
have  it  in  your  hands  to  fix  upon  any  hour  you 
desire,  but  whatever  hour  you  fix  upon  will  be 
adhered  to,  and  the  session  will  be  called  to  order  at 
that  time ;  and  I  ask  the  delegates,  as  a  matter  of 
courtesy  to  the  association,  and  as  a  matter  of  cour- 
tesy to  your  officers  and  to  the  contributors  to  the 
programme,  to  be  here  in  the  convention  hall  when 
we  convene.  It  is  a  hard  matter  for  the  gentlemen 
who  are  on  the  programme  to  talk  to  empty  chairs ; 
it  is  discouraging. 

In  preparing  our  programme  I  have  had  to  draw 
largely  upon  my  personal  friends.  It  has  been  very  dif- 
ficult to  get  volunteers.  Some  of  those  who  are  on  the 
programme  will  not  be  here.  It  happens  that  there  is 
a  meeting  of  a  gas  association  in  New  Orleans  on  the 
same  date  as  our  meeting  here,  and  there  is  to  be  a 
meeting   of   the  American    Society  of  Mechanical  En- 
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gineers  in  Boston  next  week.  Each  of  these  meetings 
has  interfered  in  a  measure  with  delegates  who  would 
otherwise  have  been  at  this  convention. 

I  will  now  read  the  address  that  is  customary  from 
the  presiding  officer  of  this  association ;  but  before 
doing  so  I  want  to  thank  you  for  the  honor  you  did 
me  in  electing  me  your  president.  I  was  not  at  your 
last  convention  and  could  not  thank  you  then. 


President  Doherty  then  read  his  address,  as  follows : 

ADDRESS  OF  PRESIDENT  DOHERTY 


Gentlemen:  It  is  with  great  pleasure  that  I  refer 
to  the  progress  made  by  this  association  in  recent  years. 
Our  membership  has  increased  rapidly ;  we  now  have  a 
proper  income  for  the  support  of  the  association,  al- 
though a  larger  income  would  be  very  welcome  and 
would  enable  us  to  make  this  association  a  great 
factor  in  the  development  of  the  central-station  busi- 
ness, which,  after  all,  is  the  backbone  of  the  entire 
electrical  industry.  Not  only  is  our  membership  grow- 
ing, but  its  quality  is  also  improving.  We  may  ex- 
pect valuable  work  from  our  membership,  as  it  pos- 
sesses untold  possibilities ;  but  in  some  way  the  neces- 
sity must  be  impressed  upon  our  members  for  their 
taking  a  greater  interest  in  the  association's  work,  and 
feeling  a  greater  responsibility  for  association  progress. 

PROGRAMME     METHODS 

The  programme  presented  at  this  convention  will 
be  a  radical  departure  from  our  former  methods.  Your 
officers  believe  that  more  satisfactory  results  can  be 
obtained  and  greater  assistance  rendered  the  central- 
station  industry  by  the  elimination  of  long  papers  on 
technical  subjects  and  the  substitution  therefor  of 
short  written  discussions  by  men  in  position  to  give 
valuable  advice  on  these  subjects  of  practical  every- 
day importance  to  central  station  managers.  You  can- 
not expect  this  new  departure  to  develop  all  of  its 
possibilities  upon  its  first  application.  It  has  been  al- 
most impossible  to  obtain  the  support  of  our  members 
and  to  impress  upon   them  just  what  was  wanted.     If 
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this  programme  method  proves  to  be  as  acceptable  to 
you  as  was  our  former  method,  I  am  quite  sure  we 
shall,  within  another  year,  make  it  of  great  value,  for 
I  believe  this  plan  renders  it  possible  for  every  mem- 
ber to  co-operate  better  with  the  association  officers. 
Few  men  feel  inclined  to  write  a  long  paper  on  some 
certain  subject,  and  to  present  every  aspect  of  the 
matter  under  consideration,  yet  all  the  companies 
that  are  members  of  this  association  have  officers  or 
men  in  their  employ  who  can  give  us  valuable  infor- 
mation, data  or  points  on  problems  that  must  be 
solved  sooner  or  later  by  every  central  station  mana- 
ger. Something  must  be  done  to  dispel  the  apathy  of 
our  members.  They  must  not  only  suggest  the  sub- 
jects they  wish  to  have  discussed,  but  must  also  help 
the  officers  in  locating  men  who  are  capable  of  dis- 
cussing them,  and  must  exert  their  influence  to  ob- 
tain the  co-operation  of  these  men,  if  pressure  must 
be  brought  to  bear  to  secure  their  assistance. 

Many  of  the  subjects  that  would  naturally  be 
treated  in  a  presidential  address  will  be  brought  out 
by  discussion,  and  therefore  I  will  endeavor  to  antici- 
pate these  discussions  as  little  as  possible. 

PROGRESS 

It  is  customary  to  expect  the  president  of  your 
association  to  detail  the  progress  made  in  methods  and 
appliances  during  his  administration.  I  do  not  think 
that  the  qualifications  which  go  to  make  up  a  good 
presiding  officer  are  apt  to  be  the  same  qualifications 
as  those  that  would  go  to  make  up  a  man  capable  of 
detailing  to  you  this  progress.  Many  of  our  most 
aggressive  and  prominent  members  are  either  business 
men  pure  and  simple,  or  else  their  numerous  duties 
occupy  so  much  of  their  time  that  they  have  little  or 
no    opportunity    for    keeping    fully    posted    upon    all 
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developments  of  an  engineering  nature.  I  therefore 
recommend  that  the  association  not  only  elect  a  presi- 
dent each  year,  but  that  they  also  elect  an  editor  to 
report  progress  made  in  methods  and  apparatus, 
authorizing  this  editor  to  appoint  as  many  sub- 
reporters  as  he  sees  fit  to  do.  This  position  of  editor 
should  be  one  of  much  honor,  for  it  is  a  practical 
estimate  by  practical  men  of  their  high  regard  for  his 
ability. 

I  will  not  attempt  to  report  progress  made  in  all 
branches  of  the  central-station  business,  as  I  feel 
incapable  of  doing  so  ;  but  I  will  take  occasion  here 
to  refer  to  a  few  developments  which  will  have  the 
most  potent  bearing  upon  this  industry. 

In  general,  I  may  say  that  the  vital  portions  of 
central-station  work  are  the  beginning  and  the  ending; 
and  the  problems  that  affect  us  most  are  those  not 
strictly  within  the  province  of  electrical  engineering. 
Our  present  enormous  waste,  and  our  greatest  oppor- 
tunity for  economy,  is  in  our  boilers  and  engines,  or 
other  prime  movers  that  we  use ;  but  probably  our 
greatest  opportunity  for  increasing  our  earnings  lies  in 
the  development  of  our  market.  Recent  developments 
have  made  it  possible  to  obtain  a  brake  horse-power 
per  pound  of  coal,  by  the  use  of  internal  combustion 
engines.  This  subject  will  be  treated  more  fully  at 
another  session  of  this  convention. 

A  manufacturer  recently  gave  a  bid  on  a  steam 
turbine,  direct-connected  to  an  alternating-current 
generator,  with  a  guarantee  of  steam  consumption  that 
would  be  almost  equal  to  lo  pounds  of  steam  per 
indicated  horse-power  in  our  old  type  engines.  The 
possibilities  of  steam  turbines  will  also  be  presented  at 
this  convention. 

The  development  of  our  market  is  almost  a  purely 
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commercial  problem,  yet  one  incapable  of  solution 
without  engineering  considerations.  There  is  a  con- 
stant  tendency  toward  the  adoption  of  electricity, 
which  should  be  properly  encouraged.  Electric  current 
is  finding  a  wider  and  wider  field  for  application  for 
power  purposes,  and  the  possibilities  of  development 
for  sign  and  decorative  lighting  are  almost  unlimited. 
This  subject  will  also  be  treated  at  a  future  session. 

The  acquisition  of  this  business  on  a  favorable 
basis  depends  very  largely  upon  our  method  of 
charging,  and,  in  spite  of  the  fact  that  this  subject 
has  been  considered  and  reconsidered  at  the  past  four 
or  five  conventions  of  this  association,  we  found  that  a 
larger  majority  of  our  membership  wished  to  hear  this 
subject  discussed  than  any  subject  that  now  confronts 
central  station  managers.  We  have  therefore  tried  to 
arrange  for  its  thorough  discussion,  by  obtaining 
written  opinions  from  the  advocates  of  the  various 
systems  now  in  vogue,  as  a  proper  introduction  of  the 
subject. 

THE    PROVINCE    OF    THIS    ASSOCIATION 

This  association  was  formed  for  the  benefit  of  the 
central-station  industry,  and  its  future  aim  should  be 
to  assist  central  station  managers.  It  must  therefore 
solve  all  problems  that  the  central  station  manager  is 
called  upon  to  meet,  and  these  problems  are  not  con- 
fined to  electrical  engineering.  We  often  speak  of 
this  as  an  electrical  age,  which  is  a  very  pretty  senti- 
ment, but  hardly  in  accord  with  facts.  Electricity  is 
simply  a  means  for  transmitting  power,  and  the  econo- 
mies of  the  electric-lighting  business  are  even  less  de- 
pendent upon  electrical  engineering  than  upon  steam 
engineering  and  business  methods.  There  seems  to  be 
a  prevailing  belief  that  this  association  should  be 
strictly  a  technical  society,  but  I  am  confident   that   if 
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we  devoted  ourselves  entirely  to  technical  matters,  it 
would  be  detrimental  to  the  central-station  industry, 
and  we  should  be  covering  a  field  that  should  be 
covered  by  other  associations,  and  neglecting  a  field 
of  work  which  would  not  then  be  covered  by  any 
association.  The  central-station  business  is  in  an  un- 
developed state — its  possibilities  are  problematic.  There 
has  been  no  uniform  development  of  individual  cen- 
tral stations.  Some  central  stations  have  been  de- 
veloped to  the  point  where  they  have  wired  up  an 
equivalent  of  nearly  two  i6-cp  lamps  per  inhabitant 
and  have  a  revenue  of  $3.00  to  $4.00  per  capita. 
Other  central  stations  have  but  one  i6-cp  lamp  wired 
up  to  every  ten  inhabitants,  and  have  a  revenue  of 
less  than  fifty  cents  per  capita, 

A  great  mass  of  the  education  and  information  re- 
quired for  the  proper  development  of  this  business  is 
not  at  all  dependent  on  technical  electrical  engineer- 
ing only,  or  at  least  is  only  incidental  thereto ;  but  it 
is  clearly  the  province  of  this  association  to  cover 
the  field  of  central-station  work,  whether  it  be  the 
solution  of  how  best  to  transform  heat  to  power,  or 
how  best  to  acquire  business.  It  would  also  be  of 
benefit  to  the  entire  engineering  fraternity  if  closer 
relationship  could  be  established  between  all  the 
societies. 

THE    PROPER    ATTITUDE    TOWARD    OTHER    ASSOCIATIONS 

There  is  a  fine  chain  of  identification  extending 
through  all  the  electrical  associations,  although  there 
is  no  well-defined  relationship.  On  one  hand  we  have 
the  Institute  of  Electrical  Engineers,  with  a  large 
membership  capable  of  best  handling  all  subjects  of 
highly  scientific  character,  and  best  equipped,  from  the 
standpoint  of  membership,  to  undertake  all  work  of  a 
research  nature.    On  the  other  hand  we  have  numerous 
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State  and  sectional  organizations,  which  are  intended  to 
benefit  the  small  central  station  managers  who  cannot  af- 
ford to  join  our  association,  or  who  cannot  leave  their 
plants  to  make  any  great  journey  to  attend  this  asso- 
ciation's meetings.  Now,  in  a  measure  we  are  the 
connecting  link  between  the  Institute  of  Electrical 
Engineers  and  these  small  electrical  associations.  These 
state  organizations  have  a  peculiar  field  of  usefulness, 
and  any  encouragement  that  can  be  offered  should 
be  extended  to  assist  in  building  up  these  small  or- 
ganizations. We  should  each  year  invite  the  officers 
of  these  small  associations  to  our  convention,  and  en- 
courage them  to  look  to  us  for  assistance  in  matters 
that  are  beyond  the  scope  of  their  own  association. 
These  associations  should  endeavor  so  to  map  theu 
work  that  it  does  not  interfere  with  the  woric  of  this 
association,  but  is  in  harmony  therewith ;  and  we 
in  turn  should  aim  to  cover  a  field  of  work  not 
covered  by  the  Institute  of  Electrical  Engineers,  and 
to  have  such  technical  work  as  is  needed  for  our  prog- 
ress undertaken  by  the  latter  body,  by  joining  their 
organization  and  having  such  a  large  central-station 
representation  that  the  Institute  would  give  proper 
consideration  to  all  technical  matters  relating  especially 
to  central-station  work.  The  American  Society  of 
Mechanical  Engineers  also  covers  a  great  portion  of 
engineering  work  that  confronts  the  central  station 
manager,  and  a  closer  relationship  with  this  society 
cannot  help  but  prove  beneficial  to  all  parties.  I  refe 
now  more  particularly  to  our  problems  in  steam  engi 
neering. 

THE    METRIC    SYSTEM 

The  bad  effect  of  lack  of  affiliation  with  other 
scientific  societies  is  evidenced  in  the  present  attitude 
of  these  societies  on  the  adoption  of  the  metric  system 
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for  governmental  work.  The  American  Institute  of 
Electrical  Engineers  has  formally  adopted  resolutions 
favoring  the  metric  system ;  the  American  Society  of 
Mechanical  Engineers  has  taken  the  opposite  position. 
Personally,  I  am  fully  in  accord  with  the  former 
society,  and  entirely  in  discord  with  the  latter  society 
and  I  feel  that  it  has  been  prompted  by  selfish 
reasons  to  turn  back  the  wheels  of  progress.  It  is 
exasperating  to  feel  that,  because  a  few  men  have  a 
portion  of  their  assets  in  standards  whose  value  would 
be  destroyed,  we  must  continue  to  use  a  system  of 
weights  and  measures  improperly  suited  to  our  needs, 
which  must  necessarily  curtail  the  usefulness  of 
engineering  labor  to  such  an  extent  that  it  is  equiva- 
lent to  shortening  the  life  of  every  man  following 
engineering  work.  It  is  not  unfair  to  assume  that  our 
present  system  of  weights  and  measures  is  as  cumber- 
some and  objectionable  when  compared  with  the 
decimal  system  of  weights  and  measures  as  is  the 
English  system  of  currency  when  compared  with  our 
decimal  system  of  currency ;  and  I  cannot  believe 
there  is  any  man  unbiased  by  selfish  reasons,  who  has 
had  experience  with  both  systems  of  currency,  who  is 
not  firmly  convinced  that  the  English  people  should, 
to  their  great  advantage,  immediately  dispense  with 
their  present  system  in  favor  of  the  decimal  system, 
even  though  it  result  in  temporary  hardship  and  incon- 
venience. Every  argument  that  can  be  brought  in 
favor  of  a  change  from  the  English  system  of  money 
to  the  decimal  system,  can  also  be  brought  in  favor  of 
a  change  from  our  system  of  weights  and  measures  to 
the  decimal  system  of  weights  and  measures.  I  think 
the  association  should  give  this  matter  further  con- 
sideration, and  if  our  membership  is  as  greatly  in 
favor  of  the  decimal  system  as    I    believe  they  are,  we 
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should  put  ourselves  on  record  in  such  unqualified 
terms  that  there  can  be  no  further  doubt  of  the 
position  of  this  association  on  this  question. 

OUR    RELATIONSHIP    TO    MANUFACTURERS 

The  interests  of  the  central  stations  of  this  country 
and  the  interests  of  the  manufacturers  of  the  appa- 
ratus that  we  use,  are  ofttimes  identical.  In  former 
conventions  of  this  association  we  have  heard  frequent 
criticisms  of  the  fact  that  papers  presented  at  our 
meetings  often  favored  a  manufacturer  of  some  cer- 
tain class  of  apparatus.  On  the  other  hand,  the  rules 
of  this  association  are  so  strict  that  at  times  we  must 
work  a  hardship  to  the  manufacturer  and  curtail  the 
usefulness  of  the  association  in  order  to  avoid  these 
criticisms.  There  can  be  no  distinctive  line  draw^n ; 
and  while  we  cannot  permit  manufacturers  to  use  our 
association  for  advertising  purposes,  we  must  leave  the 
matter  in  a  great  measure  within  the  discretion  of  the 
officers  of  this  association,  as  to  the  character  of  the 
papers  presented  and  the  editing  of  their  contents,  and 
must  allow  our  members  to  refer  to  an  apparatus  or 
to  a  manufacturer  on  the  floor  of  this  convention  at 
their  discretion.  We,  of  course,  reserve  the  right  to 
eliminate  any  of  their  remarks  if  we  think  it  best  to 
do  so,  and  we  should  be  able  to  protect  ourselves 
from  the  abuse  of  this  discretion  by  censuring  any 
speaker  on  the  floor  whose  intentions  are  purely  out 
of  accord  with  the  liberty  granted  him,  or  by  de- 
barring him  from  further  participation  in  our  pro- 
ceedings. We  want  the  assistance  of  all  the  manu- 
facturing companies,  and  we  can  reap  considerable 
benefit  from  their  co-operation.  In  the  long  run,  and 
on  some  points  especially,  our  interests  are  absolutely 
identical,  and  yet  some  manufacturers,  by  a  short- 
sighted   business  policy,  aim    to   gain   small   profits  for 
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themselves,  at  great  expense  to  the  central-station 
industry  and  the  retardation  of  central-station  develop- 
ment, by  cultivating  competitive  conditions. 

MUNICIPAL    AND    OTHER    COMPETITION 

No  one  feature  so  retards  the  development  of  this 
mdustry  as  the  fear  of  competition.  This  reduces  our 
credit,  and  without  credit,  we  cannot  get  money  on 
terms  sufficiently  advantageous  to  permit  of  proper 
development.  Unless  the  fear  of  competition  can  be 
driven  from  the  minds  of  capitalists,  the  central-station 
business  of  this  country  must  of  necessity  drift  into 
the  hands  of  large  syndicates,  who  can  protect  them- 
selves from  the  periodical  raids  that  are  now  made 
upon  the  electric  business  by  the  organization  of  new 
companies  for  the  sake  of  being  bought  off,  and  who 
can  in  a  measure  protect  themselves  from  municipal 
competition  by  the  average  results  of  a  number  of 
plants  in  different  cities.  The  efforts  of  the  advocates 
of  municipal  ownership  are  productive  of  the  very 
results  which  they  most  seek  to  avoid,  namely,  the 
formation  of  large  syndicates  for  the  control  of  these 
properties.  I  do  not  regard  municipal  ownership  as  a 
matter  of  permanent  importance.  Ninety  per  cent  of 
all  the  municipal  plants  that  have  been  installed  have 
proven  rank  failures.  Many  of  them  have  been 
abandoned,  and  many  others  of  them  would  be  dis- 
posed of  if  the  tax  payers  really  knew  the  results 
obtained  in  these  plants.  It  is  idle  to  suppose  that  a 
municipality  can  ever  operate  an  electric  plant  as 
economically  as  can  private  capital.  The  question  thus 
reduces  itself  to  whether  we,  as  central  station  men, 
are  going  to  demand  profits  so  large  that  we  force  the 
city  to  build  its  own  plant,  or  whether  we  are  con- 
tent to  furnish  service  at  a  price  equal  to  what  it 
would    cost    the    city    to    furnish    its    own    service,  de- 
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pending  for  our  profits  upon  the  greater  degree  of 
economy  that  will  be  obtained  in  a  privately  operated 
plant.  Of  course  we  cannot  meet  the  absurd  paper 
costs  that  are  presented  by  hare-brained  reformers  on 
all  sides,  but  we  must  meet  this  municipal  owner- 
ship fallacy  with  hard  facts  and  not  with  wind.  Our 
opponents  generally  deal  only  in  wind,  but  pose  as 
friends  of  the  people.  If  we  deal  only  in  wind  we 
aie  at  a  disadvantage,  for  we  must  necessarily  appear 
as  foes  to  the  people.  To  meet  both  kinds  of  com- 
petition described  above,  we  must  educate  the  public. 
We  must  show  the  people,  before  a  crisis  occurs  in 
any  one  city,  that  privately  owned  opposition  plants 
are  most  frequently  exploited  for  the  purpose  of  be- 
ing bought  off;  and  that,  even  if  started  with  honest 
motives,  they  result  in  consolidation,  increasing  the 
capitalization  of  the  original  investment,  and  either 
cause  an  advance  in  price,  or  prevent  reductions  which 
might  otherwise  be  expected  and  insisted  upon  from 
time  to  time.  To  meet  municipal  competition,  wc 
must  be  in  position  to  tell  the  people  what  results 
have  been  obtained  in  other  cities  where  this  experi- 
ment has  been  tried ;  but  I  doubt  if  we  shall  ever 
obtain  any  data  of  value  except  by  a  thorough  in- 
vestigation, by  an  expert  accountant  and  a  competent 
engineer,  of  each  municipally  operated  plant.  For  us 
to  attempt  this  work  individually  would  not  be  as  ad- 
visable as  to  join  hands  with  some  other  organization 
that  is  interested  in  demonstrating  that  municipally 
operated  plants  are  a  success.  The  officers  of  your 
association  made  an  offer  to  the  League  of  American 
Municipalities,  at  its  Syracuse  Convention  in  1899,  to 
join  hands  with  them  for  the  purpose  of  making  a 
very  thorough  investigation  of  a  number  of  municipal 
plants.     Our   offer   was    backed    up  with    a   check    for 
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$2,500  to  cover  one-half  of  our  portion  of  the 
expense.  The  League  has  never  attempted  to  meet 
us  half  way.  A  large  portion  of  its  membership 
do  not  want  facts ;  the  remaining  small  portion  are 
sincere  in  their  belief  in  municipal  ownership,  but 
are  so  hopelessly  in  the  minority  that  it  is  impossible 
for  them  to  make  any  effective  effort  to  join  with 
us  in  this  investigation.  I  recommend  that  another 
effort  be  made  to  induce  the  League  of  American 
Municipalities  either  to  **  put  up  or  shut  up."  We 
cannot  compel  them  to  make  this  investigation 
against  their  will,  but  we  can  prevent  them  from 
having  any  good  excuse  to  offer  for  not  doing  so,  for 
if  we  offer  to  furnish  all  of  the  money  necessary  for 
the  investigation,  there  can  be  no  good  ground  for 
their  still  refusing  to  join  us.  If  they  still  neglect  to 
join  in  this  investigation,  we  should  make  this  offer 
to  other  similar  organizations.  The  American 
Economic  Society  is  largely  composed  of  municipal 
ownership  advocates.  Their  membership  comes  largely 
from  men  of  academic  profession  who  have  so  little 
knowledge  of  politics  and  men  that  they  cannot  be 
expected  to  know  and  appreciate  the  disadvantage  and 
shortcomings  of  municipal  ownership.  They  may  be 
willing  to  join  us  in  this  investigation,  and  may  even 
be  willing  to  put  up  some  of  the  funds,  for  I  believe 
most  of  them  are  sincere  in  their  views.  When  I 
speak  of  the  dangers  of  municipal  ownership  I  do  not 
refer  to  dishonesty,  for  I  believe  that  dishonesty  in 
municipal  politics  is  greatly  over-rated.  I  don't  think 
any  one  need  worr}'  about  the  money  that  is  actually 
stolen,  but  places  must  be  found  for  loyal  party  men, 
and  selection  must  be  made  of  superintendents,  elec- 
tricians and  employees  on  a  basis  of  political  influence 
or  party,  and    not   on    merit.       A  good  workman  in  a 
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private  plant  may  make  a  poor  workman  in  a  muni- 
cipal plant,  because  there  is  no  one  to  appreciate  his 
work,  and  because  he  is  often  independent  of  his 
superiors,  as  he  cannot  be  removed  at  their  discretion. 
But  what  is  the  use  of  theorizing  on  this  subject. 
We  may  as  well  deal  in  facts.  Ninety  per  cent  of  all 
the  municipal  plants  established  have  b^en  failures,  and 
it  only  remains  for  true  conditions  to  be  demonstrated 
in  the  case  of  the  others. 

DEVELOPMENT    OF    OUR    MARKET 

We  have  not  yet  reached  the  commercial  age,  and 
I  predict  that  within  five  years  the  members  of  our 
association  will  almost  lose  sight  of  engineering  mat- 
ters in  their  eagerness  to  increase  their  sales.  Our 
earnings  through  economy  of  operation  have  well- 
defined  limits,  but  the  possibilities  of  increasing  our 
earnings  by  developing  our  market  have  a  much 
wider  range.  About  70  per  cent  of  all  our  expenses 
are  not  influenced  by  the  output  of  our  station,  and 
are  only  partially  influenced  by  the  capacity  of  our 
station.  We  sell  only  from  10  per  cent  to  30  per 
cent  of  the  amount  of  current  we  are  capable  of 
generating,  and  our  plants  therefore  lie  practically 
idle  about  70  per  cent  to  90  per  cent  of  the  time. 
It  is  not  possible  to  acquire  a  daily  uniform  load,  but 
we  can  greatly  influence  the  load  factor  of  our  sta- 
tions by  the  class  of  business  that  we  encourage. 
We  want  that  class  of  business  which  demands  the 
least  investment,  and  which  yields  the  greatest  con- 
sumption. I  think  we  must  lessen  the  difference  be- 
tween our  operating  costs  and  selling  price.  It  is 
possible  to  make  the  greatest  returns  on  the  capital 
invested  when  the  income  per  kilowatt  is  nearly  at  a 
minimum.  I  believe  our  business  to-day  might  be 
considered   a^s   of   a    retail    nature    compared  with  what 
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it  will  be  a  few  years  hence.  I  see  no  reason  why 
central-station  companies  should  not  fumi^  every  bit 
of  power  used  in  any  town,  regardless  of  size  of  in- 
stallation. One  power  house  can  be  run  more  economic- 
ally and  with  less  aggregate  capacity  than  several,  and 
we  must  content  ourselves  with  a  smaller  margin  of 
profit  per  kilowatt,  our  future  profit  being  represented 
by  a  greater  degree  of  economy  resulting  from  cen- 
tral-station operation  versus  isolated-station  operation. 
One  central  station  with  which  I  am  acquainted  sup- 
plies eleven-fourteenths  of  all  the  power  used  in  the 
town  in  which  it  is  situated.  The  officers  of  that 
company  are  laboring  with  the  other  three-fourteenths, 
with  strong  prospects  of  acquiring  the  greater  portion 
of  it.  Another  central  station  with  which  I  am  ac- 
quainted did  not  make  any  appreciable  gain  in  output 
for  ten  years,  although  they  had  a  large  increase  in 
connected  load  and  a  slight  increase  in  earnings.  The 
whole  condition  resulted  from  the  rates  of  charging  in 
vogue.  Their  rates  were  so  high,  and  so  inequitable 
to  users  of  light  for  long  hours,  that  each  year  they 
were  losing  a  portion  of  their  connected  capacity  by 
the  installation  of  isolated  plants ;  but  the  natural 
growth  of  their  town  and  business  was  giving  them 
an  increase  in  connected  capacity  of  nearly  three 
times  that  lost  by  isolated  lighting,  although  from 
the  standpoint  of  consumption  their  three  new  con- 
nected lamps  did  no  more  than  compensate  for  the 
one  lamp  lost  by  isolated  lighting.  The  investment 
for  this  station  had  gradually  crept  up  until  it  repre- 
sented an  investment  of  $i6  per  lamp  connected. 
Their  connected  load  was  630  i6-cp  lamps,  or  their 
equivalent,  per  1000  inhabitants.  During  the  past 
year  they  have  inaugurated  a  different  policy,  and 
their    connected    load    has    been    materially    increased 
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without  a  corresponding  increase  in  capital  investment, 
and  their  investment  now  represents  $12  per  lamp 
wired  up,  and  they  have  917  lamps  per  1000  inhabi- 
tants. I  predict  that  they  will  have  in  another  year 
1500  lamps  wired  up  per  1000  inhabitants,  which  will 
represent  an  investment  charge  of  $8  per  lamp  wired  up. 
Previously  they  were  compelled  to  make  $1.60  per 
lamp  profit,  over  and  above  operating  expenses,  in 
order  to  take  care  of  interest  and  depreciation.  Now, 
if  they  brought  their  investment  down  to  $8  per 
lamp  wired  up,  they  would  only  be  required  to  make 
80  cents  above  operating  expenses  to  cover  interest 
and  depreciation. 

Line,  meter  and  transformer  efficiency  have  often 
been  so  low  in  alternating-current  stations  that  the 
stations  were  paid  for  but  from  35  per  cent  to  65  per 
cent  of  the  current  sent  out,  and  even  then  the  cost 
of  lost  current  in  alternating  stations  was  not  as  great 
as  the  additional  interest  charge  in  direct-current 
stations.  Core  loss  in  transformers  and  interest  can  be 
considered  as  charges  of  an  identical  nature.  Assume 
that  you  are  using  individual  transformers  for  each 
house,  and  are  installing  transformer  capacity  equal  to 
100  per  cent  of  your  connected  load.  We  will 
assume  that  with  a  transformer  installation  of  this 
magnitude,  your  iron  loss  is  two  per  cent  of  its  rated 
capacity.  Now,  two  per  cent  does  not  look  high,  but 
it  must  not  be  forgotten  that  your  two  per  cent  is 
two-per-cent  loss  of  current  at  full  load,  and  100-per- 
cent loss  of  current  at  no  load.  With  a  two-per-cent 
transformer  loss,  your  aggregate  loss  is  approximately 
10  kw-hours  per  lamp  per  year.  Your  average  sales 
per  lamp  per  year  in  the  average  western  station, 
covering  both  the  residence  and  business  districts,  will 
be     in*    the     neighborhood     of    18    to    20     kw-hours. 
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This  average  will  represent  lamps  using  from  less  than 
one  kw-hour  per  lamp  per  year  to  400  kw-hours  per 
lamp  per  year.  With  an  installation  that  averages 
one  kw-hour  per  lamp  per  year,  you  must  send 
from  the  station  10  kw-hours  for  loss  in  the  trans- 
former and  one  kw-hour  to  be  sold.  If  you  are 
selling  current  at  20  cents  per  kw-hour,  you  are 
getting  for  the  one  kw-hour  sold  20  cents,  but  for 
the  1 1  kw-hours  sent  from  the  station,  you 
are  getting  but  1.8  cents  per  kw-hour.  As  you 
increase  your  sales  per  lamp  per  year,  assuming  that 
your  selling  price  remains  constant,  your  income  per 
kw-hour  generated  increases  very  rapidly.  It  is  simply 
absurd  to  expect  ever  to  develop  the  central-station 
business  properly  as  long  as  charges  are  made  only  on 
the  basis  of  current  consumed ;  and  what  I  have  stated 
about  the  transformer  loss  is  true  also  of  the  invest- 
ment expenses  that  would  be  encountered  if  a  direct- 
current  station  were  used.  If  we  must  spend  a  dollar 
for  interest,  or  spend  a  dollar  for  current  to  be  lost 
in  a  transformer,  we  are  no  better  off  in  one  case 
than  in  the  other.  Personally,  I  believe  I  should  prefer 
to  spend  a  dollar  for  core  loss  in  transformers,  as  we 
have  better  opportunities  for  reducing  this  expense 
than  for  reducing  an  interest  expense.  If  ever)^  small 
consumer  were  made  to  pay  all  the  costs  that  he  oc- 
casions, we  could  sell  current  at  a  much  lower  average 
rate.  At  a  much  lower  rate  we  can  considerably  in- 
crease our  sales  and  can  probably  keep  up  the  devel- 
opment of  our  market  by  reductions  in  the  selling 
price  without  impairing  the  percentage  return  on  the 
money  invested.  As  we  reduce  the  price  of  current 
we  may  expect  a  lavish  use  of  it  for  sign  and  decora- 
tive lighting.  We  may  also  expect  a  great  and  rapid 
advance  in  the  standard  of  illumination,  which  is  al- 
ready constantly  increasing. 
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The  question  of  forcing  the  central  stations  under 
ground  is  being  agitated  all  over  the  country,  and  I 
feel  that  we  are  largely  responsible  for  the  dislike  the 
public  have  for  pole  lines.  It  is  possible  to  have  over- 
head work  that  is  neat  and  unobtrusive,  and  yet  almost 
every  central  station  in  the  country  has  unsightly,  un- 
painted  poles,  with  an  irregular  network  of  badly 
strung  conductors,  representing  three  or  four  times 
the  number  of  wires  needed  for  conduction  of  cur- 
rent. In  the  event  of  a  feeder  wire  becoming  too 
small,  it  has  become  the  custom  to  string  other 
feeders  in  parallel.  The  multiplicity  of  wires  has 
hampered  the  fire  departments  and  has  become  an 
eyesore  to  the  public.  It  is  simply  impossible  to  go 
to  underground  construction  except  in  districts  of 
congested  population,  and  while  a  great  deal  of  harm 
has  already  been  done  by  our  bad  overhead  construc- 
tion, it  can  be  rendered  less  offensive  and  the  agita- 
tion be  quieted  in  a  measure  by  a  reformation  of  our 
methods.  I  recommend  the  purchase  of  only  long, 
straight  cedar  poles,  and  that  they  be  painted  with 
such  a  color  as  will  best  harmonize  with  their  sur- 
roundings. For  instance,  in  the  residence  district, 
where  there  are  many  trees,  we  paint  all  of  our  poles 
green,  in  spite  of  the  fact  that  the  city  ordinances  in 
many  towns  demand  that  poles  shall  be  painted  with 
white  and  black  paint  only.  It  is  also  advantageous 
to  use  the  minimum  number  of  conductors,  for  as  you 
irfstall  additional  poles  or  conductors  their  objection- 
ableness  seems  to  increase  in  geometrical  ratio. 

We  must  give  underground  construction  more  con- 
sideration than  heretofore.  We  had  hoped  at  this 
meeting  to  have  a  text  paper  on  this  subject,  but  were 
unable  to  obtain  assistance.    What  we  want  is  a  paper 
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SO  complete  and  detailed  that  it  will  enable  any  cen- 
tral station  man  who  is  forced  to  put  his  wires  under 
ground  to  undertake  the  work  simply  by  the  guidance 
of  this  paper ;  and,  with  the  consent  of  your  executive 
committee,  I  recommend  that  we  make  this  a  feature 
of  our  next  convention,  and  with  your  further  consent 
I  will  award  a  gold  medal,  properly  inscribed,  to  the 
contributor  oflfering  us  the  most  complete  and  com- 
prehensive paper  on  underground  construction,  for 
either  alternating  or  direct-current  plants,  or  a  combi- 
nation of  both ;  the  selection  of  the  best  paper  to  be 
made  by  a  suitable  committee  to  be  appointed  by  the 
incoming  president. 

ADVANTAGEOUS    WORK    THAT    MIGHT    BE    DONE     BY    THIS 

ASSOCIATION 

I  have  been  in  the  gas  business  for  nearly  20 
years  and  have  been  a  member  of  various  gas  associa- 
tions for  a  portion  of  that  time.  The  gas  business 
and  central-station  business  are  quite  similar,  and  many 
years  ago  I  conceived  the  idea  that  competitive  con- 
ditions were  of  such  a  nature  that  it  could  not  help 
but  bring  about  consolidations  of  these  interests.  My 
belief  is  not  yet  fully  realized ;  but  whether  actual 
consolidations  do  or  do  not  take  place,  there  is  much 
to  be  gained  by  watching  the  methods  of  gas  mana- 
gers and  gas  associations,  as  they  might  also  gain  by 
watching  our  business  and  association  methods.  The 
recommendations  that  follow  are  largely  influenced  by 
my  experience  with  both  gas  and  electric  companies 
and  associations.  The  gas  associations  have  more  com- 
mittees and  the  committees  do  more  work.  Thev  not 
only  attempt  to  cover  engineering  work,  but  also 
attempt  to  render  every  class  of  assistance  to  managers 
of  companies.  There  is  no  school  in  which  gas  engi- 
neering is  taught,  so  the  gas  fraternity  has  established  a 
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school  of  correspondence  for  the  instruction  of  gas 
companies'  employees.  No  less  than  three  of  the  gas 
associations  have  what  is  called  a  Wrinkle  Department. 
One  man  is  appointed  editor,  and  it  is  his  duty  to  look 
up  and  report  on  novel  appliances  used  in  and  about  a 
gas  works,  or  for  trenching,  laying  pipes  or  services,  and, 
in  fact,  any  homemade  contrivance  useful  to  gas  men 
generally.  These  wrinkle  departments  have  created 
much  interest  at  the  meetings,  and  some  points 
of  great  value  have  been  brought  out  in  this  way. 
The  Ohio  Gas  Light  Association  has  an  Advertising 
Department  the  editor  of  which  is  expected  to  keep  us 
posted  on  all  novel  and  attractive  forms  of  advertising. 
This  department  has  also  proved  of  great  interest  to 
the  gas  fraternity.  The  dog  advertisement  which  some 
of  you  may  have  encountered  in  the  past  few  weeks, 
was  contributed  to  the  Ohio  Association  in  March  of 
this  year,  and  has  already  been  tried  by  numerous  gas 
companies  all  over  the  country  with  excellent  results. 
I  think  wjc  should  divide  our  work  up  into  a  number 
of  departments  and  appoint  an  editor  for  each.  I  sug- 
gest that  we  have  a  Wrinkle  Department,  an  Adver- 
tising Department,  a  Department  of  Decorative  Light- 
ing, a  Department  of  Sign  Lighting,  and  a  Department 
for  Office  Methods  and  Accounting.  I  recommend  that 
but  one  man  be  put  in  charge  of  each  department  as 
editor.  I  further  recommend  that  our  old  committees 
be  stirred  up  to  greater  activity,  and  if  necessary  that 
they  be  so  arranged  as  to  do  active  work.  It  is  to  be 
regretted  that  the  committee  on  steam  results  has 
ceased  to  report.  I  recommend  that  a  committee  of 
one  be  appointed  on  lost  and  unaccounted-for  current, 
and  that  a  committee  of  one  be  appointed  on  thefts  of 
current,  whose  duty  it  shall  be  to  report  on  legal  meas- 
ures taken  to  prevent  theft,  and  the  novel  means  used 
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to  defraud  electrical  companies,  so  that  others  may  be 
cautioned  against  fraud  in  the  same  manner.  The 
editor  on  accounting  and  office  methods  can  render 
much  valuable  assistance  to  all  of  us  by  reporting  labor- 
saving  office  machinery  brought  out,  the  most  desirable 
forms  of  consumers'  contracts,  and  other  necessary 
credit  forms  used  in  connection  with  our  business,  and 
the  methods  of  collecting  used  by  the  various  electric 
companies,  which  now  differ  very  materially.  It  is  cus- 
tomar)'  for  the  smaller  electric  companies  to  read  their 
meters  once  a  month,  and  collect  their  bills  once  a 
month,  but  some  of  the  larger  electrical  companies  read 
all  through  the  rrlonth  and  collect  bills  all  through  the 
month.  I  have  never  tried  the  latter  scheme,  but  feel 
greatly  inclined  to  do  so ;  and  I  assume  that  if  this 
question  has  agitated  the  mind  of  one  central  station, 
it  may  be  agitating  the  minds  of  several  others,  and 
one  investigation  may  suffice  for  all.  The  recommenda- 
tion of  the  appointment  of  an  editor  for  these  depart- 
ments is  not  intended  to  interfere  in  any  way  with  the 
work  of  the  committee  on  uniform  classification. 

I  think  we  should  extend  an  invitation  each  year 
to  the  professors  of  electrical  engineering  in  all  the 
colleges  throughout  the  country,  and  address  a  letter 
to  the  faculties  of  the  universities,  calling  their  atten- 
tion to  the  fact  that  by  having  the  professors  of  elec- 
trical engineering  attend  our  conventions  they  can  keep 
in  closer  touch  with  central-station  work,  and  be  able 
lo  conduct  more  intelligently  the  course  of  studies  for 
those  students  who  expect  to  take  up  central-station 
work.  Each  year  I  have  occasion  to  employ  a  num- 
ber of  young  college  graduates.  They  come  to  me 
sadly  lacking  in  certain  respects,  particularly  in  their 
lack  of  knowledge  of  the  laws  of  heat  and  thermo- 
dynamics, or   else   they  are    unable    to    apply  whatever 
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they  know  regarding  this  subject.  They  also  seem  to 
be  incapable  of  thinking  of  expenses  as  anything  but 
operating  expenses,  without  regard  to  fixed  expenses, 
such  as  interest,  taxes,  etc.,  and  even  if  they  do  take 
these  fixed  expenses  into  their  calculations  they  do  not 
seem  to  comprehend  how  large  an  item  of  expense 
they  may  be,  on  a  unit  basis,  if  a  plant  can  only  be 
operated  for  a  small  portion  of  the  time,  while  these 
expenses  go  on  constantly  24  hours  per  day  and  365 
days  in  the  year.  It  would  also  be  greatly  desirable 
if  they  could  have  some  knowledge  of  accounting,  but 
I  do  not  know  that  it  is  practicable  to  give  them  a 
proper  insight  into  this  branch  of  our  business  during 
their  college  course. 

I  wish  to  acknowledge  the  assistance  rendered  me 
by  T.  Commerford  Martin  and  W.  D.  Weaver  in 
association  matters,  and  to  commend  them  for  their 
interest  in  our  association's  progress.  Mr.  Gaboon  has 
done  very  much  in  the  association's  behalf,  and  Miss 
Billings  has  worked  nights,  days,  and  Sundays,  for  the 
success  of  this  meeting.  Her  loyalty  and  industry  go ' 
beyond  that  warranted  by  her  salary,  and  if  this  con- 
vention proves  more  interesting  than  former  ones,  I 
hope  you  will  show  your  appreciation  by  giving  Miss 
Billings  a  hearty  vote  of  thanks. 


Mr.  Nicholls:  I  understand  that  the»next  order 
of  business  is  to  resolve  ourselves  into  an  executive 
session  ? 

The  President  :     Yes,  sir. 

Mr.  Nicholls:  Before  we  do  that  I  desire  to 
offer  a  resolution.  I  have  listened,  Mr.  President,  with 
a  great  deal  of  pleasure  to  the  very  able  address  that 
you    have   read.      Some   of    the   suggestions    are    of   a 
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most  practical  nature,  and  I  would  move  that  a  com- 
mittee be  appointed  by  the  chairman  to  take  into 
consideration,  on  behalf  of  the  association,  the 
questions  that  have  been  put  forward  by  you  in  your 
presidential  address. 

The  President  :  Would  it  not  be  better  for  that 
committee  to  be  appointed  by  the  secretar}'?  I 
believe  that  is  customary. 

Mr.  Nicholls:  By  the  secretary  or  by  the 
chairman,  so  long  as  the  committee  is  appointed.  We 
should  not  disperse  without  taking  action  to  make 
sure  that  the  recommendations  in  the  address  are 
turned  to  some  practical  advantage  on  behalf  of  the 
association.  I  am  willing  that  my  motion  should  be 
so  amended  as  to  leave  the  appointment  of  the  com- 
mittee with  the  secretary. 

(The  motion  was  put  and  carried.) 

The  Secretary  :  I  will  announce  the  committee 
later. 

The  President  :  The  Bullock  Electric  Manufac- 
turing Company  has  invited  us  to  visit  its  plant  on 
Wednesday  afternoon,  at  four  o  clock ;  what  action 
will  you  take  in  regard  to  the  invitation  ? 

Mr.  Arthur  Williams:  I  move  that  we  accept 
with  thanks  the  invitation  of  the  Bullock  company  for 
to-morrow  afternoon. 

(The  motion  was  carried.) 

The  Secretary  :  I  will  announce  the  committee 
on  the  president's  address :  Mr.  J.  H.  Perkins, 
Youngstown,  Ohio ;  Mr.  R.  S.  Kelsch,  Montreal, 
Canada,  and  Mr.  C.  E.  Hewitt,  Elkhart,  Indiana. 

The  President:  If  there  is  no  further  business, 
we  will  resolve  ourselves  into  an  executive  session, 
and  I  will  appoint  Mr.  Gallagber  as  sergeant-at-arms. 

The  meeting  then  adjourned  to  executive  session. 


EXECUTIVE   SESSION 


President  Dohertv  :  Before  we  go  to  more  im- 
portant business,  I  will  call  for  the  report  of  the  com- 
mittee on  amendments  to  the  constitution.  There  was 
a  committee  appointed  three  years  ago  to  amend  our 
constitution,  and  the  especial  amendment  desired  was  a 
change  in  the  dues.  Is  Mr.  InsuU  here?  I  do  not 
think  he  is.  I  understand  he  is  the  chairman  of  the 
committee. 

Mr.  Ferguson  :  I  am  not  certain  whether  Mr. 
InsuU  will  be  here  or  not. 

President  Doherty  :  Do  you  know  whether  he 
has  a  report  to  present  ? 

Mr.  Ferguson  :    I  do  not  know  anything  about  it. 

President  Dohertv  :  This  matter  Was  taken  up 
three  years  ago.  I  do  not  think  Mr.  Insull  was  able 
to  get  a  meeting  of  the  committee.  I  am  on  the 
committee,  I  think.  I  want  to  suggest,  and  you  c*an 
do  as  you  like  about  it,  that  after  January  ist,  1903, 
the  membership  dues  and  annual  dues  be  based  par- 
tially on  population.  I  am  in  favor  of  an  initiation  fee 
of  $100,  and  annual  dues  of  $10  for  each  member, 
plus  50  cents  for  each  1,000  inhabitants,  with  a  maxi- 
mum rate  of  $200  per  annum.  The  dues  will  be 
made  up  by  first  making  a  charge  of  $10  for  each 
member — believing  in  getting  a  certain  minimum  out 
of  each  member  to  cover  the  cost  of  proceedings,  etc.; 
then  we  will  collect  50  cents  per  thousand  of  popula- 
tion ;  but  the  maximum  rate  shall  not  exceed  $200.  If 
two  or  more  companies  from  the  same  town  are  mem- 
bers of  the  association,  the   per-capita   charge    shall    be 
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divided  equally  among  them  unless  they  make  some 
other  arrangement  mutually  satisfactory  to  themselves. 
All  companies  not  now  in  the  association  can  join  the 
association  before  January  next  at  our  regular  rates, 
and  in  that  way  they  will  avoid  the  payment  of  the 
initiation  fee.  I  offer  that  now  as  a  suggestion.  As 
we  now  stand  we  make  a  charge  of  $25  to  everybody 
and  there  is  no  initiation  fee.  If  a  member  feels  like 
dropping  out  for  a  year  he  does  so.  The  fact  that  we 
have  no .  initiation  fee  renders  it  hard  to  keep  our 
membership  in  line.  This  plan  will  give  us  about 
$2,200  more  revenue  than  we  now^  have,  and  it  will 
enable  us  to  go  out  and  get  at  least  200  more  small 
central  stations  that  do  not  feel  like  paying  $25  a  year 
but  would  feel  able  to  pay  $12  or  $20,  as  their  fees 
would  then  be.  Do  you  wish  to  discuss  the  subject, 
or  to  do  anything  about  it  at  all  ?  Will  Vice-President 
Ferguson  kindly  take  the  chair? 

(Vice-President  Ferguson  took  the  chair.) 

Mr.  Doherty  :  Mr.  Chairman,  I  recommend  that 
this  proposed  change  in  dues  be  adopted  and  made 
effective  January  i,  1903.  I  do  this  simply  to  bring 
out  discussion.  We  have  many  members  who  have 
paid  to  that  date.  This  gives  us  an  opportunity  to  go 
out  and  get  200  small  central  stations  as  members  of 
this  association    before   January  ist,  with  proper  work. 

Mr.  James  I.  Aver  :  I  second  the  motion. 

(The  written  statement  of  the  proposed  plan  of 
new  dues  was  again  read  by  request.) 

Mr.  George  E.  Hay  (Springfield,  111.):  How^ 
will  that  apply  practically?  Supposing  a  city  of 
25,000  or  30,000  inhabitants  should  have  one  or  more 
plants  as  is  the  case  in  Illinois  in  many  towns;  would 
each  one  of  these  plants  be  taxed  that  amount — would 
that  be  the  ratio  for  each  one,  or  for  all  of  them  ? 
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Chairman  Ferguson  :  Mr.  Doherty's  idea  is  that 
the  eharge  shall  be  divided  mutually  between  all  the 
companies  proportionally. 

Mr.  Doherty  :  Each  one  will  be  charged  $io, 
and  if  there  are  three  companies  in  a  town  of  30,000, 
each  company  would  be  charged  for  one-third  of  that 
number,  or  10,000,  in  addition  to  the  $10  which  all 
companies  pay  alike. 

Mr.  DeCamp  :  Does  that  mean  that  each  one  will 
pay  the  initial  charge  of  $10  and  the  balance  be 
divided  up  among  the  three  companies  as  they  see  fit? 

Mr.  Doherty  :  Yes,  the  balance  to  be  divided 
equally,  unless  they  see  fit  to  adopt  some  other 
arrangement. 

Mr.  DeCamp:  In  a  city  of  100,000  people,  as  I 
understand  it,  if  there  were  two  companies  that  were 
members  of  the  association,  each  company  would  pay 
$10;  that  is  the  guarantee,  as  you  might  say,  and 
what  it  really  resolves  itself  into  is  that  this  associa- 
tion wants  $10  plus  50  cents  per  1,000  of  population,  if 
I  interpret  the  matter  correctly? 

Mr.  F.  a.  Bryan  (South  Bend,  Ind.)  :  Does  that 
mean  50  cents  for  every  1,000  of  population,  or  50 
cents  for  every  thousand  supplied  with  current  ? 

Chairman  Ferguson:  Fifty  cents  per  1,000  of 
population  in  the  city.  If  the  population  in  the  city 
is  500,000,  the  maximum  would  be  $200.  Suppose  it 
were  100,000,  the  amount  additional  would  be  $50  for 
the  city,  and  the  additional  $50  would  be  divided 
among  the  companies  from  that  city. 

Mr.  Bryan  :  Has  the  committee  considered  the 
advisability  of  charging  for  dues  on  the  basis  of  out- 
put rather  than  the  population  of  the  city?  There 
are  some  cities  where  the  output  is  not  so  great  as  it 
should  be. 
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Mr.  Doherty  :  I  would  answer  by  saying  that  if 
a  man  does  not  realize  the  output  he  should,  he 
should  not  blame  the  association  for  it. 

Mr.  p.  G.  Gossler  :  There  are  some  companies 
that  are  very  much  smaller  than  others  supplying  light 
and  power  to  the  same  city. 

Mr.  Doherty  :  You  cannot  divide  it  in  any 
other  way  except  this.  If  two  companies  are  in 
competition  in  the  same  city,  they  can  divide  the  dues 
in  any  way  they  want  to.  They  would  be  likely,  in 
most  cases,  to  divide  it  equally.  I  see  no  other  way 
of  making  this  charge  except  on  the  basis  of  the 
population  of  the  city,  the  last  United  States  Census 
Report  to  govern. 

Mr.  Bryan  :  Do  I  understand  that  the  manager 
of  a  plant  located  in  a  town  of  3,000  inhabitants  will 
have  to  pay  an  initiation  fee  of  $100  in  addition  to 
the  yearly  dues,  which  latter  are  based  on  the  basis  of 
50  cents  per  thousand  of  population  ? 

Chairman  Ferguson  :  That  is  the  arrangement — 
$100  initiation  fee,  then  $10  per  year,  plus  $1.50  per 
year  on  the  basis  of  population,  in  the  case  of  a  town 
with  30,000  population. 

Mr.  Bryan  :  I  ask  if  you  have  considered  that 
nine-tenths  of  the  electric-light  plants  in  this  country 
are  in  towns  of  2,500  to  4,000,  and  would  not  that 
rate  of  $100  be  prohibitive? 

Chairman  Ferguson  :  They  have  a  chance  to 
come  in  before  January  ist,  without  paying  the  initi- 
ation fee,  if  they  want  to. 

Mr.  Bryan  :  If  that  is  the  idea,  to  work  up  this 
territory  and  try  to  get  them  in  before  the  first  of 
January  under  the  present  rate,  it  may  be  a  good  idea 
to  pass  such  a  resolution ;  but  if  you  allow  that  scale 
of  rates  to  stand,  and    the   object   Mr.   Doherty  has  in 
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view  is  not  accomplished  by  the  first  of  January,  I 
think  it  will  hurt  us  more  than  it  will  benefit  us  to 
adopt  this  schedule  of  charges.  I  believe  that  $ioo 
fee  for  any  plant  in  a  town  of  2,500  or  3,000  inhabi- 
tants, such  as  is  true  of  nine-tenths  of  the  plants, 
would  be  a  piohibitive  rate. 

Chairman  Ferguson  :  I  think  the  gentleman  is 
right — that  in  small  towns  it  would  be  a  prohibitive 
rate ;  but  Mr.  Doherty's  idea  is  to  gather  in  everybody 
before  the  first  of  January,  and  not  let  down  the  bars 
after  that  time. 

Mr.  Bryan:  The  contention  I  made  was  this: 
If  Mr.  Doherty*s  object  is  not  accomplished  by  the 
first  day  of  January  it  will  act  as  a  hardship  on  our 
future  membership  more  than  it  will  benefit  us 
between  now  and  the  first  of  January.  If  an  initiation 
fee  could  be  arrived  at,  based  on  the  population,  I 
think  it  would  accomplish  the  same  results. 

Chairman  Ferguson  :  Has  Mr.  Doherty  con- 
sidered that  point  ? 

Mr.  Doherty  :  I  think  the  point  well  taken,  and 
I  will  suggest  this — that  we  refer  this  matter  to  a 
committee  and  let  them  readjust  it.  For  goodness 
sake,  let  us  do  something.  If  we  do  go  wrong,  what 
odds  does  it  make?     We  can  change  this  thing. 

Mr.  L.  R.  Wallis,  Woburn,  Mass.:  Mr.  Chair- 
man, I  would  ask  if  Mr.  Doherty  has  any  recommen- 
dation to  make  in  regard  to  the  associate  membership 
— and  I  should  rather  judge  that  he  might  have ; 
if  he  has  .  I  think  it  might  be  easier  to  carry  this 
change  in  regard  to  the  active  members  if  he  would 
anticipate  the  matter  a  little  and  tell  us  what  he  pro- 
poses to  do  with  the  associate  members.  In  other 
words,  we  are  going  to  assess  ourselves  more  and  we 
should  like  to  know  what  we  are  going  to  do  with 
the  other  people. 
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Mr.  Doherty  :  I  believe  that  we  tax  our  associate 
membership  about  all  that  they  should  be  taxed.  Asso- 
ciate members  are  not  allowed  to  do  anything  except 
to  pay  $20  a  year  —  that  is  about  their  only  privilege. 
They  can  listen  to  the  papers,  etc.,  but  have  very  little 
voice  in  the  active  control  of  the  association.  I  am 
perfectly  willing  to  do  anything  for  them.  Let  us 
creep  before  we  walk.  My  idea  is  to  get  something 
done  with  the  active  members  first.  It  would  be  like 
selling  current ;  if  you  put  the  rate  too  high  you  will 
have  a  beautiful  rate,  but  you  will  not  have  any 
membership. 

Chairman  Ferguson  :  I  ask  Mr.  DeCamp  to  talk 
on  this  subject  just  a  moment.  I  think  that  in  Phila- 
delphia there  are  about  20  companies,  and  perhaps  he 
can  answer  the  question  as  to  the  effect  on  the  general 
companies  in  regard  to  the  distribution  of  these  dues. 

Mr.  DeCamp  :  I  want  to  ask  you  if  you  propose 
to  put  the  original  motion. 

Chairman  Ferguson  :  Will  you  kindly  answer  the 
gentleman  in  front  of  you  with  regard  to  the  matter 
of  the  distribution  of  the  dues  among  the  large  com- 
panies in  one  city  ? 

Mr.  DeCamp  :  In  our  case  the  dues  would  fall 
on  one  company.  But  one  company  would  be  a 
member  of  the  association  ;  and  as  a  matter  of  fact 
that  is  all  there  is  now  in  Philadelphia. 

Chairman  Ferguson  :  Suppose  the  conditions 
were  as  they  were  five  years  ago,  with  all  the  com- 
panies separated. 

Mr.  DeCamp  :  Five  years  ago  there  were  sixteen 
companies  that  would  have  been  looked  upon  as  con- 
cerns that  should  be  members  of  this  association. 

Mr.  Nicholls  :  With  regard  to  the  suggestion  of 
Mr.   Doherty,   I  agree  with   him  that  something  should 
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be  done  and  done  quickly ;  but  1  cannot  say  that  1 
am  with  him  entirely  in  the  proposition  that  he  has 
submitted.  I  think  we  should  deliberate  a  little  longer ; 
our  committee  should  deliberate  a  little  longer,  and 
make  a  recommendation  to  the  ftext  executive  session, 
which  I  presume  will  be  held  to-morrow.  It  is  rather 
a  peculiar  thing  to  assess  the  active  members  $ioo 
irrespective  of  the  size  of  the  municipality  they  repre- 
sent, and  I  think  the  matter  should  have  further  and 
careful  consideration. 

Mr.  Bryan  :  If  in  order,  I  would  offer  an  amend- 
ment to  that :  That  the  present  committee  having  the 
matter  in  hand  be  discharged,  and  a  new  committee 
consisting  of  five,  to  be  appointed  by  the  chair,  take 
up  the  question  and  deliberate  upon  it,  and  present  in 
executive  session,  before  the  convention  adjourns,  their 
recommendation  as  to  what  to  do  with  that  propo- 
sition. 

Chairman  Ferguson  :  I  think  it  would  be  hardly 
fair  to  appoint  a  new  committee  when  there  is  one 
existing  which  has  not  made  a  report. 

Mr.  Bryan  :  As  I  understand  it,  that  committee 
has  been  in  existence  three  years  and  has  not  been 
able  to  make  a  report  in  that  time ;  and  I  believe  a 
new  committee  of  five  members,  if  it  is  appointed,  will 
make  a  report  in  a  few  days,  and  it  should  be 
appointed. 

Chairman  Ferguson  :  Mr.  Doherty  must  be  a 
member  of  the  committee  ex-officio,  and  should  be 
acquainted  with  their  deliberations.  I  think  he  should 
to  be  able  to  speak  for  the  committee,  and  I  do  not 
think  there  is  any  necessity  for  appointing  another 
committee  on  this  subject  unless  the  first  committee 
appointed  should  make  a  report  and  be  discharged.  If 
Mr.  Doherty  represents  that  committee,  we  should 
accept  what  he  says  as  its  report. 
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Mr.  Arthur  Williams  :  I  understand  that  the 
recent  growth  in  the  membership^  of  the  association 
has  been  very  considerable.  Has  it  been  made  evident 
to  the  association  that  any  change  in  the  present 
method  regarding  the*  dues  of  members  is  desirable  ? 
As  I  understand  Mr.  Doherty's  report,  it  is  a  personal 
report  and  not  a  committee  report ;  and  I  would  sub- 
mit an  amendment  to  the  motion  now  before  us  to 
the  effect  that  the  recommendations  of  Mr.  Doherty 
be  referred  to  the  existing  committee  with  the  request 
that  we  have  a  report  at  the  next  executive  session  of 
this  convention. 

Mr.  Aver:  As  I  understand  it,  the  committee 
that  has  this  subject  in  charge  is  composed  of 
members  of  the  association  who  are  absent.  There  is 
no  representative  of  that  committee  here,  except  Mr. 
Doherty,  and  we  have  his  individual  expression.  The 
sense  of  the  meeting  seems  to  be,  from  the  expres- 
sions we  have  heard,  that  it  is  desirable  to  refer  this 
matter  to  a  special  committee,  to  be  appointed  at  this 
session,  which  committee  shall  report  during  this 
meeting.  If  we  refer  the  matter  back  to  the  present 
committee  we  can  only  ask  Mr.  Doherty  to  repeat 
his  recommendation.  He  is  the  only  member  of  the 
committee  present  and  consequently  there  is  no  point 
in  referring  the  matter  back  to  that  committee.  I 
think  it  would  be  proper  to  take  the  matter  out  of 
the  hands  of  the  present  committee  and  make  Mr. 
Doherty  a  member  of  any  new  committee,  and  have 
the  subject  reported  back  to  the  next  executive 
session. 

Chairman  Ferguson  :  I  think  you  seconded  the 
original  motion,  Mr.  Ayer.  Will  you  accept  the  amend- 
ment of  Mr.  Bryan,  and  have  the  matter  referred  to  a 
committee  of  three  members  to  take  the  place  of  the 
present  committee  and  report  at  the  next  session  ? 
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Mr.  DeCamp  :  Is  that  on  the  report  which  has 
been  made? 

Chairman  Ferguson  :  To  consider  the  report  and 
make  a  new  recommendation  which  will  be  acted  upon 
by  the  association. 

Mr.  DeCamp  :  I  do  not  know  whether  it  is  in 
order,  but  what  I  have  to  say  may  be  of  some  assist- 
ance to  the  new  committee  in  arriving  at  a  conclusion. 
On  the  whole,  I  am  personally  inclined  to  be  in  favor 
of  the  report,  but  judging  from  what  the  gentleman 
from  South  Bend  has  said  there  seems  to  be  some 
objection  to  the  plan.  Would  it  be  in  order  to  make 
a  motion  which  shall  go  along  with  the  original  one 
as  an  amendment  to  this? 

Chairman  Ferguson  :  I  would  say,  Mr.  DeCamp, 
that  this  committee  is  only  going  to  consider  the 
subject  and  make  a  report,  and  any  of  the  gentlemen 
who  have  objections  to  what  has  been  offered  here  are 
at  liberty  to  make  their  suggestions  to  the  committee, 
and  when  the  committee  reports  will  be  time  to 
discuss  the  matter  further. 

(The  motion  was  adopted.) 

Mr.  Dohertv  :  One  of  the  rules  of  this  associa- 
tion is  that  we  shall  never  name  any  manufacturer  in 
our  discussions,  nor  ever  name  any  particular  apparatus 
that  is  only  manufactured  by  one  concern.  That  often 
works  an  injustice  to  the  manufacturer,  and  works  an 
injustice  to  the  interest  in  our  meetings.  There  are 
certain  things  we  cannot  talk  about  without  calling 
them  what  they  are.  I  think  there  is  only  one  com- 
pany now  in  position  to  turn  out  steam  turbines.  We 
have  also  had  a  flood  of  questions  on  the  Nemst  lamp, 
also  manufactured  by  one  concern  only.  We  have  a 
flood  of  questions  on  all  of  these  things,  and  I  think 
that  this  association  is  big  enough  to  say  that  we  will 
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refer  in  conventions  to  anything  we  wish,  and  give 
our  members  the  liberty  to  refer  to  any  particular 
apparatus.  If  anyone  should  abuse  that  privilege  we 
can  take  proper  steps  to  prevent  further  abuses.  Those 
doing  so  are  open  to  censure  in  aggravated  cases,  or 
we  can  authorize  a  censorship  over  their  remarks  and 
they  can  be  erased  from  the  record.  We  are  handicap- 
ping our  usefulness  by  having  a  rule  prohibiting  the 
reference  by  name  to  articles  manufactured  by  certain 
manufacturers.  Our  programme  contains  a  number  of 
questions  referring  to  the  Nemst  lamp.  It  contains 
a  number  of  questions  referring  to  steam  turbines. 
There  are  a  number  of  questions  asked  about  arc-lamp 
regulators,  and  there  are  a  number  of  questions  about 
meters ;  and  in  order  really  to  give  our  members  the 
information  they  ought  to  have,  we  should  be  at  liberty 
to  refer  to  these  special  pieces  of  apparatus  freely. 

Mr.  Aver:  I  want  to  say  that  these  rules  were 
made  for  the  protection  of  the  programme  committee. 
Some  men  have  tried  in  the  past  to  secure  an  adver- 
tisement of  their  wares  by  introducing  them  before  the 
association  in  written  papers.  This  rule  enables  us  to 
reject  improper  papers  by  referring  to  the  rules  regard- 
ing the  prohibition  of  reference  to  articles  of  trade 
where  it  is  found  necessary.  I  do  not  think  that  any 
hardship  has  been  worked  upon  the  members  of  the 
association  at  any  time  because  of  that  rule.  If  we 
have  wanted  to  talk  about  certain  apparatus  we  have 
done  so.  In  such  cases  we  ignore  the  rules,  but  they 
are  useful  when  you  want  to  use  them. 

Mr.  Doherty  :  I  take  it  that  it  is  satisfactory  to 
the  association  that  we  be  at  liberty  to  refer  to  any 
piece  of  apparatus  where  it  is  difficult  to  describe  it 
properly  without  referring  to  its  name,  and  if  that  is 
the  sentiment  of  the  house  I  offer   a   motion   that   all 
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members  shall  feel  free  to  refer  to  any  piece  of 
apparatus  or  any  particular  system  involved  in  the  use 
of  certain  apparatus,  calling  it  by  name. 

Chairman  Ferguson  :  The  stenographer  can  be 
requested  to  refrain  from  taking  notes  if  we  do  not 
want  the  matter  reported. 

Mr.  Doherty  :  In  the  discussion  on  rates,  which 
we  brought  up  because  everybody  seemed  to  want  to 
hear  it  discussed,  Mr.  Dow,  of  Detroit,  refers  to  the 
Kapp  and  Hopkinson  methods  in  such  way  that  I 
think  it  would  be  desirable  to  have  someone  outline 
the  Kapp  and  Hopkinson  methods  of  charging.  I 
am  not  familiar  with  these  subjects. 

(The  subject  of  the  Kapp  method  was  assigned 
to  Mr.  W.  S.  Barstow,  and  the  subject  of  the 
Hopkinson  method  was  assigned  to  Mr.  Arthur 
Williams,  of  New  York.) 

(President  Doherty  resumed  the  chair.) 

The  President  :  There  is  one  thing  of  prime 
importance  that  I  want  to  bring  to  the  atten- 
tion of  this  executive  session.  Our  former  secre- 
tary and  treasurer  was  absent  a  big  portion  of  last 
year  in  Alaska.  He  got  back  sometime  during  the 
winter  but  was  called  away  again  only  last  week,  and 
he  handed  in  his  resignation,  on  last  Wednesday,  I 
believe.  It  was  necessary  for  me  to  appoint  a 
new  secretary  and  treasurer  before  this  meeting.  I 
appointed  Mr.  James  B.  Gaboon  as  secretary  and 
treasurer  before  this  meeting,  subject  to  the  approval 
of  this  executive  session.  His  appointment  dates 
from  last  week. 

Mr.  Arthur  Williams  :  I  move  that  the  appoint- 
ment of  Mr.  James  B.  Gaboon  as  secretary  and 
treasurer  of  this  association  be  ratified  by  this  executive 
session. 
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(The  motion  was  carried.) 

Mr.  Nicholls  :  Since  that  question  has  come  up, 
I  do  not  think  we  should  adjourn  the  session  without 
placing  on  record  the  esteem  and  regard  which  this 
association  has  for  the  late  secretary  and  treasurer,  Mr. 
George  F.  Porter.  I  have  been  associated  with  him 
for  more  than  ten  years ;  and,  until  the  last  year  when 
his  other  business  interests  prevented  him  from  giving 
the  time  and  attention  to  his  duties  that  he  has  done 
m  the  past,  I  think  he  made  a  most  efficient  secretary 
in  every  way,  and  did  a  great  deal  in  the  up-building 
of  the  association ;  and  I  would  move,  and  am  sure 
there  will  be  plenty  to  second  the  motion,  that  an 
address  be  presented  to  Mr.  George  F.  Porter,  our 
late  secretary  and  treasurer,  expressive  of  the  regard 
of  the  association  for  him  personally  and  their  appre- 
ciation of  the  work  he  has  done  for  the  association  in 
the  past. 

(Vice-President  Ferguson  in  the  chair.) 

Mr.  Dohertv  :  I  have  much  pleasure  in  second- 
ing the  motion  made  by  Mr.  Nicholls. 

Chairman  Ferguson  :  I  am  sure  you  will  all 
agree  with  Mr.  Nicholls  in  his  remarks,  and  I  will  ask 
you  to  vote  on  the  question. 

The  motion  was  unanimously  carried  and  the  fol- 
lowing resolutions  passed  : 

Whereas,  The  National  Electric  Light  Associa- 
tion has  learned  that  owing  to  imperative  business 
reasons  Mr.  George  F.  Porter  is  compelled  to  tender 
his  resignation  as  secretary,  it  is  hereby 

Resolved,  That  the  association  takes  this  opportu- 
nity at  its  annual  convention,  at  Cincinnati,  May, 
1902,  to  express  its  deep  sense  of  regret  at  this 
serious  loss,  and 

Resolved,    That    the  association    desires   to    put    on 
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record  its  appreciation  of  the  loyal  and  intelligent 
service  rendered  by  Mr.  Porter  for  ten  years,  and  of 
the  excellent  results  that  have  attended  his  efforts  to 
promote  the  welfare  of  the  association  and  the  inter- 
ests of  those  engaged  in  the  electric-lighting  field,  and 
Resolved,  That  this  expression  of  esteem  and  good 
will  be  entered  upon  the  minutes  of  this  association 
and  be  presented  to  Mr.  Porter  in  engrossed  form. 


SECOND  SESSION 

The    meeting  was    called     to    order    by    President 
Doherty  at  ten  minutes  after  two. 


The  President  :  At  the  executive  session  this 
morning  a  motion  was  carried  that  there  be  a  com- 
mittee appointed  on  the  revision  of  the  constitution 
and  by-laws  in  regard  to  dues.  Chairman  Ferguson 
has  appointed  Messrs.  C.  L.  Edgar,  of  Boston,  Chair- 
man ;  Frederic  Nicholls,  of  Toronto,  and  Charles  E. 
Hay,  of  Springfield,   Illinois,  as  the  committee. 

The  programme  for  this  afternoon  begins  with  the 
paper  by  Mr.  W.  E.  Moore,  of  Augusta,  Georgia,  on 
the  subject,  **  Does  It  Pay  to  Treat  Poles  with 
Creosote,  Oil,  or  Other  Compounds?" 


Mr.   Moore  then  read  his  paper,  as  follows : 

DOES    IT    PAY   TO    CRESOTE    WOODEN 
POLES  FOR  ELECTRIC  LINE  WORK 


An  electric  lighting  system  may  be  divided  into 
three  principal  parts,  viz.:  The  generating  station,  the 
distributing  lines,  and  the  house  wiring,  with  lamps, 
motors,  meters,  etc. 

At  the  various  conventions  of  this  association 
numerous  papers  have  been  read  tending  to  show  how 
the  cost  of  production  and  reliability  of  service  may 
be  increased  by  various  improvements  in  the  gener- 
ating plant.  We  have  also  had  numerous  papers  on 
arc  lamps,  their  light-distribution  curves,  power  factors, 
and  their  different  systems  of  operation;  on  incandes- 
cent lamps  with  their  candle-hour  and  efficiency  curves, 
and  on  meters,  which  now  determine  almost  entirely 
the  revenue  of  the  company.  There  has,  however, 
been  very  little  said  on  the  distributing  system  and 
how  to  reduce  the  expense  of  maintaining  the  lines, 
notwithstanding  that  in  the  operating  expense  of  most 
companies  approximately  one-third  of  the  income  goes 
toward  the  distributing  expense,  of  which  the  mainte- 
nance of  lines  constitutes  quite  a  large  item.  The 
[)rincipal  cause  of  the  depreciation  in  the  lines  is  due 
to  the  decay  of  poles,  for  as  yet  but  few  lighting 
companies  have  begun  the  use  of  iron  or  creosoted 
poles,  though  iron  poles  are  extensively  used  for 
street-railway  purposes. 

The  wooden  pole  is  usually  of  cedar,  sawed-heart 
pine,  cypress,  juniper  or  red  wood,  and  is  generally 
used  on  account  of  its  low  first  cost  and  the  compara- 
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tive  safety  with  which  workmen  may  handle  the  live 
wires  when  standing  on  the  cross-arms,  as  wood  is  a 
fair  insulator  when  dry. 

Red-cedar  and  white-cedar  poles,  while  they  have  a 
comparatively  long  life,  have  now  become  so  scarce 
that  it  is  extremely  difficult  to  secure  them  in  suffi- 
cient numbers  of  suitable  sizes  for  electric-light  lines 
at  any  price  in  the  eastern  or  southern  market,  though 
there  is  yet  a  considerable  supply  of  white  cedar  to  be 
found  in  the  northwest.  Cedar,  when  of  good  quality, 
has  the  capacity  of  resisting  .the  attacks  of  insects  and 
fungous  growths  to  a  greater  extent  than  any  other 
wood  used  in  this  country  for  poles.  This  statement 
applies  only  to  the  heart  of  the  stick,  and  more 
especially  to  red  cedar ;  the  sap  or  white  portion 
quickly  rots  away  at  a  point  near  the  ground. 

In  the  southern  and  eastern  cities  cypress  is  largely 
used,  and  in  its  natural  state  has  a  life  of  from  five 
to  six  years  in  the  southern  portion  of  the  United 
States,  and  a  somewhat  longer  life  in  the  North. 

Heart-sawed  pine  poles  have  a  somewhat  longer 
life  than  cypress,  ranging  from  eight  to  nine  years ; 
but  sap  pine,  though  readily  secured  in  sticks  of  suit- 
able size  and  of  the  necessary  length,  is  never  used, 
on  account  of  its  rapid  decay.  It  lasts  scarcely  more 
than  three  years  when  used  without  being  treated  with 
some  preservative  compound. 

It  is  much  more  expensive  to  renew  decayed  poles 
than  is  the  original  cost  of  setting  them,  due  to  the 
fact  that  they  do  not  all  decay  at  one  time  and  it  is 
therefore  necessary  to  reset  them  piecemeal ;  and  it  is 
also  necessary  to  take  care  of  the  wires  while  they  are 
being  reset,  which  is  often  quite  expensive  in  case 
there  are  a  large  number  of  wires  attached  to  one 
pole,  especially  if  it  be  a  junction  pole. 
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For  these  reasons  the  Augusta  (Ga.)  Railway  and 
Electric  Company  began  some  nine  years  ago  to  study 
the  problem  of  treating  poles  by  preservative  com- 
pounds to  increase  their  life.  Our  first  experiment 
consisted  of  charring  the  butts  of  the  poles,  up  to 
and  about  one  foot  above  the  earth  line,  and  then 
coating  them  with  coal-tar  paint ;  but  this  was  found 
to  be  of  little  service.  We  then  tried  painting  the 
poles  with  various  brands  of  preservative  compounds 
sold  under  different  trade  names.  These  also  were 
found  to  be  of  little  or  «o  benefit.  In  the  meantime 
our  poles,  which  were  almost  entirely  of  cypress,  con- 
tinued to  rot  out  after  an  average  life  of  about  five 
to  six  years. 

Some  three  years  ago,  after  having  investigated 
the  results  obtained  both  in  this  country  and  abroad 
from  creosoting  poles,  we  purchased  and  installed  a 
creosoting  plant  capable  of  treating  poles  and  cross- 
ties.  This  plant  consists  of  a  steel  cylinder  six  feet 
in  diameter  by  one  hundred  and  two  feet  long,  with 
heavy  cast-iron  heads,  securely  supported  on  hinges 
and  arranged  to  be  clamped  against  fibrous  gaskets 
on  the  heads  of  the  cylinder  in  a  secure  manner  so 
as  to  resist  a  hydrostatic  pressure  of  one  hundred  and 
fifty  pounds  per  square  inch.  This  cylinder  has  a 
narrow-gauge  railway  laid  through  it,  with  tracks  con- 
tinuing beyond  the  ends  of  cylinder.  There  is 
sufficient  yard  room  at  one  end  of  the  cylinder  for 
storing  untreated  poles,  and  at  the  other  for  treated 
poles.  The  cylinder  has  a  series  of  inch  pipes  laid 
from  end  to  end  and  covering  its  bottom  side 
between  tracks.  These  pipes  are  arranged  to  be  sup- 
plied with  steam  from  an  eighty-horse-power  return 
tubular  boiler,  which  is  superheated,  by  means  of  pipe 
coils    in    a   separate    furnace,    to   a    temperature  of  ap- 
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proximately  four  hundred  to  five  hundred  degrees. 
To  the  cylinder  is  also  connected  a  fourteen-inch  by 
twenty-four  inch  direct-acting  vacuum  pump,  and, 
again,  a  fourteen  by  ten  by  eighteen-inch  direct-acting 
oil-pressure  pump. 

The  poles  are  loaded  on  to  a  train  of  iron  cars 
which  are  then  drawn  through  the  cylinder  by  means 
of  a  wire  rope  attached  to  a  hoisting  engine.  The 
cylinder  doors  are  bolted  up  tightly,  after  which  live 
steam  is  turned  on  the  cylinder  until  a  pressure  of 
eighty  pounds  is  reached,  which  is  maintained  while 
superheated  steam  is  being  circulated  through  the 
heating  coils  in  the  bottom  of  the  cylinder.  This 
steaming  process  is  continued  for  a  period  of  from 
four  to  six  hours,  depending  upon  the  size  and  kind 
of  timber  that  is  being  treated.  The  steam  pressure 
is  then  drawn  down  and  a  vacuum  is  pumped  on  the 
cylinder  containing  the  timber,  which  has  been  heated 
to  a  temperature  approximately  three  hundred  and 
fifty  degrees.  The  effect  of  evacuating  is  to  season 
the  green  timber  by  drawing^  the  sap  and  air  from  its 
pores.  This  is  facilitated  by  the  steaming  to  which 
the  timber  has  been  subjected,  which  has  had  the 
effect  of  dissolving  the  sap  and  raising  it  to  a 
temperature  far  above  the  boiling  point,  due  to 
reduced  pressure  when  the  vacuum  is  applied.  The 
sap  in  the  pores  of  the  wood  is  immediately  volatilized 
upon  the  application  of  vacuum,  which  has  the  effect 
of  making  the  extraction  of  both  sap  and  air  very 
rapid  and  complete.  After  a  treatment  in  the  vacuum 
lasting  from  two  to  six  hours,  during  which  time  a 
quantity  of  sap  is  pumped  from  the  cylinder  through 
the  vacuum  pump,  the  valve  connecting  the  creosoting 
cylinder  with  the  oil-storage  tanks,  which  are  of  thirty 
thousand     gallons'     capacity     and     located     in     a     pit 
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below  the  cylinder,  is  opened  and  the  atmospheric 
pressure  forces  the  creosote  oil  up  into  the  cylinder 
until  it  is  filled.  After  this  the  oil-pressure  pump  is 
started,  drawing  its  supply  from  a  tank  which  has  a 
gauge  attached,  calibrated  to  gallons.  When  the  pump 
has  completely  filled  the  cylinder,  its  operation  is  con- 
tinued until  the  required  number  of  gallons  of  creosote 
oil  have  been  pumped  into  the  cylinder  to  saturate  the 
timber,  the  cubic  contents  of  which  have  previously 
been  figured,  to  a  density  of  ten  to  twelve  pounds 
per  cubic  foot.  This  ordinarily  requires  a  pressure  of 
sixty  pounds  of  oil  per  square  inch,  applied  for  a 
period  of  time  ranging  from  one-half  to  four  hours, 
depending  upon  amount  of  oil  per  cubic  foot,  the  size 
and  kind  of  timber  being  treated.  After  the  required 
number  of  pounds  of  oil  have  been  injected  into  the 
timber,  the  oil  is  drawn  from  the  cylinder  into  the 
storage  tanks  and  the  steam  is  left  circulating  through 
the  superheating  coils  for  about  one  hour  for  the  pur- 
pose of  somewhat  decreasing  the  oil  drippings  from 
the  timber,  which  would  otherwise  take  place. 

It  is  to  be  understood  that  steam  is  circulated 
through  super-heating  coils  located  in  the  bottom  of 
the  cylinder  throughout  the  entire  process,  which  ranges 
from  sixteen  to  twenty-four  hours.  The  doors  of-  the 
cylinder  are  then  opened  and  the  cars  with  their  load  of 
treated  timber  are  drawn  through  the  cylinder  to  the 
unloading  yard  by  means  of  the  hoisting  engine  applied 
through  a  wire  cable.  Another  train  of  cars,  which  is 
standing  already  loaded  at  the  other  end  of  the  cylinder, 
is  immediately  drawn  in  and  the  process  repeated. 

The  approximate  cost  of  the  average  size  (say  thirty- 
four-foot  by  eight-inch  top  diameter)  cypress  pole  in  the 
South  ranges  from  one  dollar  and  seventy-five  cents  to 
two  dollars  and  fifty  cents  each,  and  the  cost  of  creosot- 


68 

mg  approximates  twenty  dollars  per  thousand  feet  board 
measure,  or  about  twice  the  first  cost  of  pole.  While 
we  have  no  time  test  showing  the  ultimate  life  of 
creosoted  poles  in  actual  service,  we  have  every  reason 
to  believe  that  their  life  will  be  prolonged  four  to  six 
times  that  of  untreated  timber.  The  Bell  Telephone 
Company  has  used  creosoted  pine  jx)les  for  upwards 
of  ten  years,  and  where  the  treating  has  been  properly 
done  they  have  yet  to  show  the  first  signs  of  decay. 
Sir  William  Preece,  of  the  British  Telegraph  Depart- 
ment, reports  that  creosoted  poles  have  been  in  use  in 
England  for  more  than  thirty  years  without  showing 
any  indications  of  decay.  Since  the  cost  of  treating  a 
pole  averages  only  about  twice  its  first  cost,  the  econ- 
omy of  creosoted  poles  must  be  apparent  to  all. 

The  art  of  treating  wood  for  its  preservation  is  an 
old  one,  having  been  practiced  in  one  form  or  another 
for  many  years.  Among  the  various  chemicals  used 
are  chloride  of  zinc,  zinc  and  tannin,  sulphate  of  copper, 
bichloride  of  mercury,  wood-creosote  oil  and  dead  oil 
of  coal  tar.  The  latter  is  the  most  generally  used 
chemical  for  wood  preservation,  and  it  is  also  more 
expensive  than  any  other.  The  treatment  of  wood  with 
creosote  oil  from  coal  tar  has  been  far  more  success- 
ful and  generally  used  than  any  other  process  and  is 
usually  specified  by  the  United  States  Government. 

Thus  far  we  have  found  only  one  objection  to 
creosoted  poles,  which  is  due  to  the  tarry  acids  contained 
in  the  creosote  oil,  principally  carbolic  acid.  The 
effect  of  these  acids  is  to  make  the  handling  of  the  poles 
disagreeable,  as  they  inflame  the  hands  of  those  who 
handle  them,  and  at  the  same  time  they  lower  the 
electrical  resistivity  of  the  timber  to  such  an  extent 
that  linemen  can  no  longer  depend  upon  the  poles  to 
insulate  them  from  the  ground  when  handling  i,ooo- 
volt  to  3,000-volt  wires. 
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The  principal  preservative  property  of  creosote  oil 
appears  to  be  due  to  its  naphthalene,  which  is  deposited 
in  the  pores  of  the  wood,  together  with  the  antiseptic 
acids  always  found  in  dead  oil  of  coal  tar. 

DISCUSSION 

The  President  :  Are  there  any  questions  you  wish 
to  ask  .Mr.  Moore  regarding  the  subject  of  the  paper? 

Mr.  Price  (New  Bedford) :  I  would  ask  if  the 
creosoting  of  the  pole  increases  its  weight? 

Mr.  Patterson  (Waterville,  Me.)  :  I  ask  the  writer 
of  the  paper  if  he  thinks  it  necessary  to  apply  pres- 
sure after  having  formed  the  vacuum  in  treating  the 
pole? 

Mr.  Manwaring  (Philadelphia)  :  I  did  not  notice 
any  mention  made  of  using  chestnut  poles.  How  do 
they  compare  with  the  creosoted  poles? 

Mr.  Wyant  (Derby,  Conn.) :  I  ask  the  relative 
values  of  the  different  kinds  of  poles  after  being  creo- 
soted ? 

Dr.  Perrine  :  Mr.  President  and  gentlemen  :  It 
strikes  me  that  the  Augusta  company  has  tried  a  very 
valuable  experiment — perhaps  it  is  not  right  to  say 
experiment — they  have  installed  a  very  valuable  pro- 
cess ;  but  it  seems  to  me  that  Mr.  Moore  has  not 
given  us  a  very  full  account  of  his  secrets  involved  in 
this  process,  or  else  the  work  is  .carried  on  in  a  hap- 
hazard way.  The  United  .States  Government  has  pub- 
lished, in  connection  with  the  question  of  the  preser- 
vation of  railroad  ties,  a  large  series  of  papers,  going 
into  this  problem  very  thoroughly ;  and  having  occasion 
to  look  it  up  in  connection  with  treating  poles  and 
cross-arms,  I  was  aided  a  number  of  years  ago  by  the 
engineer  of  the  Southern  Pacific  Railroad  Company, 
which  is  doing  this  extensively.  The  practice  of  the 
Southern   Pacific   company  differs  from  the  practice  of 
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Mr.    Moore    in    material    respects.      I    think    that   the 
practice  laid  down  by  the  Government  in  its  work  on 
railroad  ties,  and  by  Preece,  who   is   referred   to   here, 
is  different  from  Mr.  Moore's.     In  the  first  place  they 
object  to  temperatures  as  high  as  353°,  for  two  reasons. 
Cellulose  begins  to  carbonize  at  temperatures  of  about 
300°,  and  they  prefer  to  keep   the    temperature   below 
that  which   carbonizes  the  wood.     In  the  second  place 
they  claim  that  the  rapid  exudation  of  the  sap,  due  to 
the    application    of   a   vacuum,  as  well    as    these    high 
temperatures,  produce  explosions  that  check  the  wood 
seriously.     I    believe   the   processes   of   the    Bell   Tele- 
phone Company  are  similar  to   Mr.  Moore's,  but  they 
use  a  very  much    lower   temperature.     The    process  of 
the  Southern    Pacific    Railroad    Company  is  to  fill  the 
tank  first  with  the  dead  oil  of  coal  tar  and  then  apply 
the  vacuum  at  a  moderate  temperature,  exhausting  the 
sap  and  water  from  the  wood  very  much  more  slowly. 
This  process  of  exhausting  the  sap  without  the  use  of 
the  dead  oil  of  coal  tar,  or  exhausting  wood  after  the 
coal  tar  has  been  admitted  to  the  tanks,  does  not  seem 
to  affect  the  result  of  the  process  very  much,  provided 
the  process  is  not   carried    on   too   fast,  and  explosion 
does  not   occur   and    the  wood   is    not    checked.     The 
Bell  Telephone  people  assert  that  they  get  no  checking 
with    the  wood    they  use,    evaporating   the  wood    dry, 
and  the  Southern  Pacific   people   say  that  they  do  get 
it  with  the  woods  used  on  the  Pacific  coast,  only  get- 
ting  freedom    from    the   checking  when    they  fill   the 
tanks  first  with  tar.    Further,  all  the  processes  of  which 
I  know  determine  how  much  water  is  coming  off  and 
how  much    remains   in    the  wood,  by   condensing    the 
moisture  as  it  comes  away  from  the  wood.     The  limit 
is    set   when    the   water   comes   off   at   a   certain    rate. 
In  the  Southern  Pacific  process  they  exhaust  the  wood 
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until  no  more  than  a  quarter  of  a  gallon  per  thousand 
cubic  feet  comes  off  in  one  hour.  The  wood  is  then 
dry  enough.  They  finally  all  agree  that  the  effect  of 
creosoting  is,  as  Mr.  Moore  says,  due  to  the  use  of 
naphthalene  in  stopping  the  pores  of  the  wood  and 
preventing  any  further  water  getting  in  ;  consequently, 
in  all  efficient  creosoting,  the  framing  of  the  poles,  or 
otherwise  cutting  them,  must  be  done  before  the  poles 
are  treated.  The  Southern  Pacific  Company  had  one 
case  where  a  culvert  was  found  to  be  rotted  out  in 
a  form  similar  to  an  iron  channel  beam.  In  examin- 
ing the  history  of  the  case  they  found  that  it  was  a 
creosoted  stick  sawn  in  two  which  had  been  used  for 
the  culvert,  and  where  the  creosote  had  been  punctured 
the  wood  had  rotted.  Consequently  they  are  careful 
to  frame  their  poles  before  the  creosoting  is  done,  and 
if  it  is  absolutely  necessary  to  cut  the  wood  after  the 
creosoting  is  done  they  then  tar  it  again  with  hot 
creosote.  I  note  that  Mr.  Moore  does  not  state 
anything  regarding  the  specifications  of  his  creosote. 
That  is  considered  an  important  matter.  The  European 
practice  has  been  to  rely  largely  on  the  antiseptic  cre- 
osote and  other  oils  in  the  wood.  Examinations  of 
wood  that  has  been  down  more  than  six  months  show 
that  the  antiseptics  have  evajx)rated  and  that  the  pro- 
cess is  simply  a  process  of  seasoning,  and  stopping  up 
the  pores  subsequently.  It  is  therefore  important  to 
specify  how  much  naphthalene  per  jx)und  of  dead  oil 
is  contained  in  the  material  purchased. 

Another  question  is  that  of  the  insulation  obtained 
with  the  creosote  or  dead  oil  of  coal  tar.  With  a 
large  amount  of  creosote  or  carbolic  acid,  there  is  no 
question  but  that  the  insulation  is  temporarily  reduced  ; 
but  with  a  large  amount  of  naphthalene  and  a  small 
amount  of  creosote   or   carbolic   acid,  the  insulation  is 
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not  reduced ;  and  these  facts  call  for  careful  wording 
of  the  specification.  The  process  seems  to  have 
proved  to  be  entirely  effective  when  the  minor  points 
are  taken  care  of. 

As  regards  quality  and  strength  of  the  wood,  the 
Bell  Telephone  Company  maintain  that  one  of  the 
advantages  of  creosote  is  that  they  can  efficiently  use 
loblolly  pine,  or  other  cheap  materials,  for  their  cross- 
arms,  provided  they  creosote  them.  They  get  as  good 
endurance  with  the  poor  woods  treated  as  with  the 
good  woods  untreated.  Furthermore,  as  regards  the 
strength,  both  the  companies  of  w^hich  I  speak  assert 
that  they  can  use  as  high  tensile  strains  with  treated 
wood  as  with  untreated  wood,  in  spite  of  the  fact  that 
the  treated  wood  shows  in  tests  less  strength  than  the 
untreated  wood.  The  untreated  wood  shows  greater 
strength  when  you  install  it,  but  after  two  or  three 
years  it  loses  strength,  so  calculations  have  to  be  made 
of  the  average  strength  of  the  wood  during  its  life ; 
and  the  strength  of  the  treated  wood  is  as  great  at 
its  beginning  as  the  average  strength  of  the  untreated 
wood  during  its  period  of  life.  Consequently,  although 
the  strength  is  reduced  in  our  calculations,  you  can 
use  as  high  unit  stresses  as  with   the  untreated  woods. 

The  Presidknt:  I  have  been  asked  to  request 
you  to  give  us  the  names  of  these  government  publi- 
cations to  which  you  have  referred,  by  description  or 
number,  so  that  the  members  can  secure  them. 

Dr.  Perrine  :  I  am  unfortunate  in  not  remember- 
ing the  names  of  these  publications,  but  they  are 
issued  by  the  Department  of  Agriculture,  and  one  of 
them — the  largest — I  know  is  on  the  preservation  of 
timber  for  railroad  ties.  The  Department  of  Agricul- 
ture publishes  a  bulletin  giving  a  list  of  all  their  publi- 
cations.    The  list  is  not  long,  and  it   is   quite  easy  to 
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select  from  it  the  names  of  the  publications  you  desire 
to  consult.  You  can  obtain  this  list  by  writing  to 
the  department,  and  can  select  from  the  list  the  publi- 
cations that  relate  to  the  treating  of  timber.  If  any- 
one is  particularly  interested  in  them  all,  and  will 
write  me  regarding  them,  I  shall  be  glad  to  furnish  a 
list  of  these  publications  or  to  correspond  further  with 
them  on  the  subject  under  consideration. 

The  President  :  What  do  you  pay  for  your  dead 
oil  ?  A  gentleman  suggested  to  me  that  by  treating 
the  pole  with  lime  after  creosoting  it,  it  will  not  be 
quite  so  apt  to  attack  the  skin  of  the  hands  of  the 
men  who   handle  the  poles. 

Mr.  Moore  :  In  regard  to  the  weight  of  the 
poles,  I  will  state  that  for  our  work  we  use  lo  or 
12  pounds  of  dead  oil  per  cubic  foot  of  timber. 
When  the  timber  is  saturated  to  that  extent  it  will 
still  float  in  water.  For  government  work  19  to  20 
pounds  to  the  cubic  foot  is  used.  I  have  never 
made  any  test  of  the  weight  to  see  what  weight 
is  added  to  the  pole.  It  will  vary  with  different  kinds 
of  timber ;  sap  pine  will  absorb  more  oil  than  hard 
pine  or  cypress.  The  question  was  asked  if  pressure 
is  necessary  after  having  the  vacuum  formed.  It  is 
essential  if  you  want  to  saturate  the  timber  to  any 
extent.  With  dry  wood  or  thin  boards  there  will  be 
no  vacuum  or  pressure  necessary.  In  regard  to  chest- 
nut poles,  we  have  found  that  they  have  a  very  long 
life ;  but  in  our  country  we  can  not  get  chestnut  poles 
to  any  extent,  and  when  we  do  get  them  they  are  so 
crooked  that  we  are  ashamed  to  see  them  on  the 
streets. 

Regarding  the  relative  values  of  different  woods  for 
creosoting,  we  consider  a  sap-pine  pole  as  good  as 
cypress  after  treatment,  except  that  it  is  not  so  strong. 
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Soft  pine  absorbs  so  much  creosote  that  it  gets  some- 
what brittle  after  treatment  and  will  not  bear  the  same 
strain  as  before.  With  a  cypress  pole  we  find  the 
strength  practically  the  same  after  treatment    as  before. 

In  regard  to  the  specifications  for  creosote  oil, 
we  use  domestic  oil,  which  runs  about  45  per  cent 
naphthalene  and  costs  us  eight  and  a  half  cents  per 
gallon.  When  timber  is  treated  with  10  or  12 
pounds  of  oil  per  cubic  foot  the  creosote  does  not 
penetrate  entirely  to  the  core  of  the  timber;  but  the 
sterilization  is  complete  on  account  of  the  temperature 
to  which  the  timber  is  subjected,  and  the  outside  sur- 
face of  the  wood  is  thoroughly  protected.  The  holes 
are  all  bored  and  gains  cut  beforehand,  so  there  is  no 
opening. left  for  the  entrance  of  germs.  If  the  pole 
has  to  be  cut  or  bored  after  treatment,  we  apply  hot 
creosote  afterward.  A  gentleman  has  stated  that  by 
using  the  right  kind  of  creosote  the  insulation  of  the 
timber  would  not  be  reduced  below  that  of  dry  timber. 
We  have  never  found  any  creosote  oil  that  does  not 
lower  the  insulation  to  such  an  extent  as  to  make  it 
very  disagreeable  to  handle  high-voltage  wires  on  the 
pole.  President  Doherty's  suggestion  of  treating  the 
poles  with  lime  water  after  creosoting  would  undoubt- 
edly prove  of  some  advantage;  but  we  believe  that 
these  poles  would  still  show  leakage  enough  to  hurt  a 
man  if  he  got  hold  of  a  live  wire.  I  may  say  here 
that  the  publication  referred  to,  which  was  issued  by 
the  Department  of  Agriculture,  regarding  the  process 
of  creosoting  ties,  is  entitled  **  Metal  Railroad  Ties." 
This  treatise  gives  a  description  of  all  the  various  pro- 
cesses for  treating  timber. 

The  President  :  We  have  an  inquiry  in  our  ques- 
tion box  closely  related  to  the  subject  now  before  us, 
but  it  is  with    reference   to  a  less   elaborate   treatment 
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than  that  recommended  by  Mr.  Moore.  The  question 
is :  **  How  may  the  butts  of  hard  pine  poles  be  best 
preserved  ?  "  I  would  suggest  that  perhaps  good  results 
might  follow  the  use  of  a  band  of  tar  around  the  pole, 
extending  two  feet  below  and  one  foot  above  the 
ground.  If  the  tar  is  green  when  you  set  the  pole, 
dust  it  with  lime  and  it  will  not  come  off  on  anyone's 
clothes.  This  treatnient  in  a  measure  prevents  rotting 
at  the  base  line.  The  idea  is  not  to  tar  the  whole 
butt  of  the  pole,  but  to  leave  the  bottom  open  for 
the  free  movement  of  the  sap  out  of  the  bottom. 

The  President  :  The  next  order  of  business  is 
the  papers  on  the  incandescent  lamp.  Mr.  Bailey 
has  requested  that  his  paper  be  postponed  until  to- 
morrow ;  we  will  therefore  take  up  the  papers  on  lamp 
efficiencies. 


WHAT  EFFICIENCY  LAMP  SHOULD  BE  USED, 
AND  HOW  MAY  THIS  EFFICIENCY  BE 
DETERMINED  FOR  ANY  PARTICULAR 
STATION  

New  York,  March  7,   1902. 
Mr.  S.  E.  Doane,  Marlborough,  Mass. 

Dear  Sir  :  The  National  Electric  Light  Associa- 
tion has  departed  somewhat  from  its  usual  programme 
methods,  to  the  extent  of  substituting  for  papers 
written  discussions  of  certain  subjects  considered  of 
great  importance  to  the  various  central  station 
managers.  One  of  the  subjects  selected  is  **  What 
Efficiency  Lamp  Should  be  Used,  and  How  May  this 
Efficiency  be  Determined  for  Any  Particular  Station?" 

My  own  views  are  that  the  efficiency  of  the  lamp, 
assuming  that  we  are  using  as  a  standard  a  lamp  of 
sixteen  candle  power,  should  be  placed  at  that  point 
where  cost  to  the  central  station  for  the  supply  of 
current  just  balances  the  cost  of  lamp  renewals ;  and 
that  when  this  point  has  been  determined  for  a  six- 
teen-candle-power  lamp,  then  all  the  other-sized  lamps 
should  have  an  efficiency  that  would  bring  the  cost 
of  lamp  renewals  to  the  same  point  per  kilowatt  hour 
consumed.  In  other  words,  when  lamp  renewals  for 
any  given  efficiency  lamp  cost  any  more  than  it 
would  cost  the  central  station  to  supply  additional 
current  to  yield  the  same  amount  of  light  from  a 
lamp  of  lower  efficiency,  they  should  adopt  this  lower- 
efficiency  lamp. 
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I  do  not  think  our  rate  of  charges  to  the  con- 
sumer should  be  considered  at  all  except  that  we  can 
aflFord  to  make  a  reduction  in  rate  for  the  lower- 
efficiency  lamps  used.  The  only  cost  I  see  to  the 
electric  company  in  using  lower-efficiency  lamps  would 
be  boiler  fuel  and  boiler-room  labor,  and  costs  inci- 
dental to  a  larger  equipment.  Boilers,  engines,  dyna- 
mos, conductors  and  transformers  would  have  to  be 
increased,  and  this  would  add  additional  costs  for 
interest,  taxes  and  depreciation  on  this  increased 
investment. 

Please  give  us  your  views  on  this  subject  at  the 
earliest  possible  date,  sending  them  to  Mr.  George 
F.  Porter,  secretary,    136   Liberty    street.   New    York. 

Yours  very  truly, 

Henry  L.   Doherty,  President 


Marlborough,  Mass.,  April  2,   1902. 

Mr.  Henry  L.  Doherty, 

President    National    Electric  Light  Association. 

Dear  Sir  :  In  accordance  with  your  letter  of  the 
eleventh  ultimo,  I  have  tried  to  find  some  points  of 
diflference,  but  I  can't  see  that  we  can  differ  at  all. 
You  have  put  the  whole  matter  so  clearly  that  all  I 
shall  attempt  to  do  will  be  to  point  out  some  facts 
that  may  or  may  not  be  in  your  possession.  If  not, 
they  will  be  of  use  to  you. 

Of  course,  as  you  say,  the  cost  of  a  lamp  to  a 
station  includes  the  cost  of  the  power  it  consumes 
during  its  life. 
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I  was  told  not  long  ago  by  a  station  manager 
that  he  preferred  to  use  3.5-watt  lamps  as  his  station 
was  loaded  now ;  he  could  not  get  any  more  equip- 
ment, as  considerable  outlay  would  be  necessary  to 
extend  the  station  for  it  and  the  money  for  this 
could  not  be  conveniently  procured. 

He  must  also  hold  up  his  income,  and  he  was  in 
business  to  sell  current.  He  was  selling  all  he  made, 
and  any  pressure  that  would  be  brought  to  bear  to 
reduce  customers'  rates  would  be  in  the  nature  of  a 
demand  to  sell  current  as  cheaply  as  some  neighbor- 
ing town,  without  regard  to  whether  the  monthly 
bills  were  lower  or  otherwise.  He  said  he  was 
prepared  to  burn  .3.1-watt  lamps  as  soon  as  his 
increasing  load — increase  that  he  could  not  avoid — 
overloaded  his  apparatus  dangerously.  He  said  he 
would  increase  his  expenses  by  using  3.1-watt  lamps, 
and  would  not  increase  his  income. 

That  was  the  other  view  of  the  matter.  This 
view  is  what  I  used  to  combat. 

You  evidently  believe  it  pays  to  furnish  a  man 
with  his  light  at  as  low  a  figure  as  is  consistent  with 
a  good  business  profit,  and  to  do  a  large  business. 
So  do  I. 

Any  central  station  can  say :  *'  If  I  burn  a  lamp 
in  this  socket  continuously  for  a  year  it  will  cost  me 
so  much  for  energy  and  so  much  for  renewals," 
including  in  the  first  all  charges  for  all  purposes 
except  the  actual  cost  of  the  lamp,  cost  of  freight  on 
them,  photometer  work,  etc.,  etc.,  and  including  in 
the  latter  the  cost  of  the  lamp,  etc.,  etc. 

By  making  three  columns  and  heading  one  3.1- 
watts  per  candle,  the  second  3.5-watts  per  candle,  and 
the  third  four-watts  per  candle,  it  would  not  take 
long  to  find  out  which  was  cheapest. 
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To   facilitate    such    an    operation,    here    are   some 
figures : 

ICO  to   130  Volts 


Candles 

Life  to  30  per  cent  initial  candles 
3.1-wpc    3.5-wpc    4.0-wpc 

Ultimate  Life 

3.1-wpc 

3.5-WpC 

4.0-WpC 

8 

•  •  • 

175 

400 

•  a   « 

210 

500 

10 

•  •  • 

185 

425 

•  •  • 

230 

550 

i^H 

95 

195 

380 

120 

250 

450 

16 

100 

175 

340 

130 

210 

375 

19 

90 

150 

340 

120 

165 

340 

24 

80 

150 

320 

110 

225 

340 

32 

80 

140 

300 

100 

225 

340 

50 

70 

I30 

260 

100 

170 

•  •  • 

These  percentages  in  round  figures  are  approxi- 
mately accurate,  and  will  hold  under  any  reasonable 
conditions  of  lamp  quality  and  voltage  variation  so 
long  as  the  3.1 -watt  lamp  is  taken  as  a  basis. 

I  say  this  because  any  maker  that  can  make  a 
3.1-watt  lamp  that  will  meet  his  guarantees,  will  have 
no  trouble  with  those  of  3.5  watts  and  four  watts. 

Yours  very  truly, 

S.    E.    DOANE. 


L.  G.  VAN  NESS 

For  the  purpose  of  these  calculations  I  will  assume  : 
That  sixteen-candle-power  lamps  only  are  to  be  con- 
sidered ;  that  the  life  of  lamps  on  perfect  regulation 
is,  for  3.1-watt  lamp  420  hours,  for  3.5-watt  lamp 
750    hours,    and    for    4-watt    lamp    1,500    hours;   that 
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lamps  will  be  changed  periodically  by  the  company, 
and  these  changes  made  often  enough  so  that  lamps 
burned  until  midnight  will  not  exceed  their  normal 
life. 

The  most  desirable   efficiency    of    lamps  will    then 
be  determined  by 

(i)     The  average  regulation  of  the  circuits. 

(2)  The    generating    costs    that    are   strictly 

proportional  to  output. 

(3)  Investment  per  kilowatt  capacity  of  the 

station. 

(4)  The  average  consumption  per  lamp  per 

year. 

(5)  The  charge    per    kilowatt    hour  to  con- 

sumer. 


AVERAGE    REGULATION    OF    THE    CIRCUITS 

I  have  taken  as  the  first  consideration  the  aver- 
age regulation,  as  that  determines  the  life  of  the  lamp ; 
therefore,  the  cost  of  lamps  per  kilowatt  hour  sold. 
With  perfect  regulation,  the  life  of  lamps  is  fairly 
well  determined ;  but  as  none  of  us  can  claim  perfect 
regulation,  we  are  obliged  to  assume  the  degree  of 
perfection,  and  accept  the  claims  of  the  manufacturers 
as  to  the  life  of  lamps  under  variable  voltage.  The 
manufacturers  nearly  all  agree  that  an  excess  voltage 
of  one  per  cent  will  leduce  the  life  of  lamps  to  about 
eighty-eight  per  cent  of  the  normal.  Beyond  this 
point  there  is  a  wide  difference  of  opinion,  and  I 
know  of  no  independent  tests  to  guide  us  in  assum- 
ing the  life  of  lamps  at  excess  voltage.  I  will  assume, 
therefore,  that  if  our  regulation  is  so  bad  as  to  be 
equivalent  to  an  excess  voltage  of  over  one  per  cent, 
we  should    devote   our   attention    to  the  improvement 
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of  the  regulation,  and   postpone  the  question  of  lamp 
renewals  temporarily. 

We  have  very  few  data  at  hand  from  which  to 
determine  the  average  cost  of  testing  and  renewing 
lamps,  but  from  the  information  available,  I  should 
estimate  it  at  one  and  one-half  cents  per  lamp  re- 
newed. With  lamps  at  sixteen  cents  each,  our  costs 
per  kilowatt  hour  for  lamps  and  for  renewing  would 
be  as  follows,  for  perfectly  regulated  circuits : 


Life 

Period 

of 
Renewal 

Coat 

of  Lamps  per 

Kw.  Hour 

Cost  of 

Renewing  per 

Kw.  Hour 

Total  Cost 

per 
Kw.  Hour 

3.1-watt    420  hours 
3.5-  **        750      ** 
4       *•      1500      ** 

70  days 
125     ** 
250     ** 

.76 
.38 
.164 

.071 
.036 
.016 

.831 
.416 

.18 

With  regulation  equivalent  to  an  excess  of  voltage 
of  one  per  cent,  they  become : 


Ufe 

Period 

ot 

Renewal 

Cost 

of  Lamps  per 

Kw.  Hour 

Cost  of 

Renewing  per 

Kw.  Hour 

Total  Cost 

per 
Kw.  Hour 

3.1-watt    370  hours 
3.5-  '*       660      '• 
4       •'     1320     *• 

61  days 
no     •* 
220     '* 

.366 

.433 
.189 

.081                    .947 

.04            j          .473 
.018                    .207 

GENERATING    COSTS    THAT     ARE     STRICTLY     PROPORTIONAL 

TO    OUTPUT 

These  costs  affect  the  lamp  efficiency,  inasmuch  as 
they  are  the  only  operating  costs  that  are  increased 
hy  substituting  low-efficiency  lamps  for  those  of  higher 
efficiency.  The  question  is  to  determine  the  costs  that 
are  strictly  proportional  to  output. 

Boiler  Fuel  is  practically  the  only  item  that  varies 
with  the  output. 

Boiler-room  Labor  would  vary  nearly  in  proportion 
to  the  output   if   we   considered    large   stations   only; 
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with  smaller  stations  the  item  changes  but  slightly 
with  changes  of  load. 

Engine  and  Dynamo  Labor  is  affected  slightly  in 
large  stations  and  practically  not  at  all  in  smaller 
ones. 

Dynamo  and  Engine  Repairs  is  affected  to  some 
extent,  but  the  items  are  not  large  compared  with  the 
total  expense.  The  remaining  items  may  be  con- 
sidered constant  with  the  small  changes  we  should 
make  by  changing  the  efficiency  of  lamps.  We  can 
not  be  greatly  in  error  if  we  assume  that  the  fixed 
portion  of  boiler-room  labor  is  equivalent  to  the 
variable  portion  of  the  other  expense.  We  will 
therefore  consider  boiler  fuel  and  boiler-room  labor  as 
strictly  proportional  to  output,  with  which  we  will 
calculate  the  cost  of  extra  current  for  lower-efficiency 
lamps. 

INVESTMENT    PER    KILOWATT    CAPACITY 

If  we  substitute  lamps  of  lower-efficiency  for 
lamps  in  service,  we  must  provide  additional  capacity 
for  the  additional  demand  ;  then  we  must  charge 
against  the  low-efficiency  lamps  the  cost  incurred  by 
the  increased  investment. 

Taxes,  interest  and  depreciation  are  all  the  costs 
that  would  be  affected.  Calculating  these  at  twelve 
per  cent  on,  say,  $125  per  kilowatt  as  investment, 
gives  us  fifteen  dollars  per  year  fixed  charge  per  kilo- 
watt capacity  of  increase. 

If  we  substitute  3.5-watt  lamps  for  3.1-watt  lamps, 
we  must  increase  our  equipment  12.9  per  cent,  or 
for  each  7.7  kilowatt,  equivalent  to  154  lamps,  we 
add  one-kilowatt  capacity ;  thus  our  increased  fixed 
charge  would  be  distributed  among  the  154  lamps. 
This  is  equivalent  to  nine  and  three-fourths  cents  per 
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lamp  per  year.  Substituting  four-watt  for  3.1-watt 
lamps,  we  must  increase  the  equipment  twenty-nine 
per  cent ;  the  charge  will  be  distributed  among  sixty- 
nine  lamps  and  the  fixed  cost  per  lamp  per  year  is 
twenty-one  and  three-fourths  cents. 

Substituting  four-watt  for  3.5-watt  lamps,  the 
equivalent  is  increased  14.3  per  cent  and  the  increased 
cost  is  divided  among  140  lamps,  or  the  cost  per 
lamp  per  year  is  about  ten  and  three-fourths  cents. 


AVERAGE    CONSUMPTION    PER    LAMP    PER    YEAR 

The  average  consumption  must  be  considered,  as 
the  last  item  is  a  fixed  cost  per  lamp  per  year.  To 
reduce  this  to  a  cost  per  kilowatt  hour  consumed,  we 
must  determine  how  much  the  lamps  are  to  be 
burned.  The  fixed  cost  per  lamp,  as  calculated 
above,  reduced  to  cents  per  kilowatt  hour  for  various 
kilowatt  hours'  consumption  per  lamp  per  year,  is  as 
follows : 

Consumption  per  lamp  per  year  kilowatt  hours 20      40      80 

Fixed  cost  to  change  from  3.1  to  3.5  cents  per  kilowatt  hour.  $  .48  .24  .12 
Fixed  cost  to  change  from  3.5  to  4  cents  per  kilowatt  hour.  .54  .27  .13 
Fixed  cost  to  change  from  3,1  to  4     cents  per  kilowatt  hour.     i.o8     .54    .27 

It  will  be  seen  by  inspection  that  we  can  much 
better  afford  to  increase  our  investment  for  liberal 
users  of  light  than  we  can  for  consumers  using  their 
lamps  but  a  small  portion  of  the  time. 


CHARGE    PER    KILOWATT    HOUR      TO  CONSUMER 

This  consideration  is  more  in  the  nature  of  a 
limit  to  the  possibilities.  We  can  not  with  impunity 
change  from  3.1  to  3.5-watt  lamps  if  our  consumers 
are  paying  for  current  on   a   kilowatt-hour  basis,  as  it 
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will  raise  their  bills  approximately  12.9  per  cent. 
This  we  know  will  make  trouble  for  all,  from  the 
manager  to  the  meter  reader.  We  may  change  from 
3.5  to  3. i-watt  lamps,  but  the  eflFect  on  the  consumer 
avails  us  little.  We  may  advertise  the  fact  thoroughly 
that  we  have  reduced  the  bills  ten  per  cent  and  give 
the  same  amount  of  light,  yet  we  know  from  ex- 
perience that  not  more  than  ninety-nine  per  cent  of 
our  consumers  will  take  our  word  for  it  and  give  us 
credit  for  a  ten-per-cent  reduction.  We  should  get 
much  more  credit  if  we  changed  from  a  3.1  to  a  3.5- 
watt  lamp  and  gave  a  reduction  of  ten  per  cent  on 
the  bill,  although  by  doing  this  we  really  raised  their 
bills  about  three  per  cent. 

It  is  true  that  we  might  take  on  more  business 
by  using  a  more  efficient  lamp,  but  we  ought  to 
derive  considerable  benefit  to  repay  us  for  doing  more 
business  for  a  less  net   profit. 

If  we  have  a  combination  flat  and  kilowatt-hour 
rate,  we  may  change  the  lamps  without  materially 
affecting  consumers'  bills,  provided  the  kilowatt-hour 
rate  is  not  too  great  a  portion  of  the  total  charge. 
The  ideal  combination  rate  would  give  us  about 
thirty-three  per  cent  of  our  income  on  the  kilowatt- 
hour  charge,  and  an  increase  of  12.9  on  this  would 
mean  an  increase  in  the  bills  of  about  four  per  cent, 
which  would  scarcely  be  noticeable.  It  is  evident 
that  we* should  consider  the  charge  to  the  consumer 
for  each  specific  case,  but  for  the  sake  of  simplicit) 
we  will  eliminate  it  by  assuming  that  we  will  give  a 
discount  that  will  exactly  balance  the  increase  in  the 
bills  that  would  result  if  we  substituted  a  lower- 
efficiency  lamp  for  those  in  service.  Then  we  may 
collect  our  figures  for  comparison  in  the  following 
table  : 
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000 
000 
000 

.947 

.958 
1.287 

.947 
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I  have  assumed  that  we  have  a  regulation  that  is 
equivalent  to  one  per  cent  excess  voltage.  For  a 
better  regulation  the  cost  for  lamps  and  renewals  would 
be  decreased,  and  for  a  poorer  regulation  increased. 

We  have  thus  far  neglected  to  mention  one  im- 
portant item.  In  the  tables  showing  period  of  re- 
newals we  find  that  3.  i-watt  lamps  must  be  renewed 
every  sixty  or  seventy  days  to  prevent  midnight  con- 
sumers from  burning  their  lamps  beyond  their  useful 
lives.  Some  of  these  lamps  will  burn  all  night  and 
reach  their  limit  in  thirty  days.  Now  just  what  the 
period  of  renewal  should  be  is  a  matter  of  conjecture 
with  many  of  us,  but  it  would  scarcely  be  practicable 
to  renew  every  thirty  days ;  neither  can  we  neglect 
these  long-hour  consumers,  as  we  should  be  depriving 
our    very    best    consumers    of    the    benefits   that   the 
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system  was  devised  to  give.  It  may  be  noted  that 
the  consumption  per  lamp  per  hour  will  guide  us  in 
the  solution  of  this  question  for  an  average  consumer. 
If,  however,  we  have  a  great  many  short-hour  con- 
sumers, say  in  the  residence  section,  and  a  few  long- 
hour  consumers,  it  might  be  profitable  to  give  them 
lamps  of  different  efficiencies,  though  such  practice 
often  leads  to  serious  trouble.  With  so  many  ques- 
tions to  deal  with,  it  is  difficult  to  state  just  how  to 
go  about  it  to  determine  what  efficiency  lamp  should 
be  used  in  any  particular  station. 

The  cost  of  lamps  and  of  renewing  them  may  be 
easily  determined  for  any  particular  station.  This 
may  be  reduced  to  a  kilowatt-hour  basis  by  estimat- 
ing the  life  of  the  lamp  on  the  regulation  obtained 
in  that  station.  To  the  above  we  must  add  the  in- 
creased fixed  cost  to  provide  capacity  for  low-efficiency 
lamps,  which  is  reduced  to  a  kilowatt-hour  basis  by 
the  average  consumption  per  lamp  per  year  in  that 
station.  Then  by  determining  the  costs  proportional 
to  output  in  that  station  we  can  calculate  the  increased 
cost  for  extra  current  for  low-efficiency  lamps.  Com- 
paring the  sum  of  these  quantities  for  the  several 
lamps,  we  can  see  the  effect  of  using  the  different 
efficiencies  if  we  ignore  the  eflfect  on  the  consumers. 
It  would  probably  not  be  good  practice  to  change 
the  efficiency  of  lamps  if  the  costs  appear  about  the 
same  for  two  efficiencies,  though  a  gradual  change  of 
efficiency  might  be  started ;  that  is,  we  might  burn  a 
low-efficiency  lamp  at  a  little  higher  voltage,  or  burn 
a  high-efficiency  lamp  at  a  lower  voltage  than  rated. 
This  could  be  continued  until  we  arrived  at  the  proper 
efficiency  as  selected.  It  might  be  good  policy  for  us 
to  use  a  low-efficiency  lamp  and  make  a  reduction  in 
rates.     While  we    may    not    actually    reduce   rates,  we 


may  derive  some  benefit   from   the   fact  that  the  rate 
per  kilowatt  hour  has  been  reduced. 

We  hear  much  about  the  higher  temperature  of 
the  high-efficiency  filament,  which  is  supposed  to  give 
us  a  light  of  better  quality,  but  I  think  the  advantage 
is  not  wholly  with  the  high-efficiency  Jam  p.  On  nearly 
all  of  our  stations  a  3.  i-watt  lamp  becomes  a  3.5-watt, 
or  lower,  in  4cx>  hours.  Is  it  better  to  start  with 
3.1  and  go  to  3.5  watts  in  400  hours,  or  to  start  with 
3.5  watts  and  go  to  a  four-watt  lamp  in  750  hours? 
The  3.  i-watf  lamp  deteriorates  more  rapidly,  taking 
but  4cx>  hours  to  reach  the  initial  temperature  of  the 
3.5-watt  lamp.  If  it  is  not  removed  promptly  it  will 
go  to  the  final  temperature  of  the  3.5-watt  lamp  in 
about  500  hours,  and  will  probably  break  at  about 
550  hours/  The  3.5-watt  lamp  deteriorates  slowly,  and 
if  it  is  allowed  to  remain  on  the  circuit  beyond  its 
useful  life  it  is  not  so  apt  to  cause  complaint,  for  the 
reason  that  the  decline  is  slow  and  not  so  likely  to 
attract  attention. 

To  sum  up,  I  might  say  that  I  think  the  best 
way  to  answer  the  questions  propounded  is  to  face 
the  situation  squarely  and  figure  it  out  for  ourselves. 
If  we  allow  the  lamp  salesman  to  do  our  calculating, 
we  shall  in  all  probability  use  3.  i-watt  lamps.  I  do 
not  say  this  to  cast  reflections  on  the  lamp  salesmen, 
as  I  think  they  have  been  only  too  active  and  ener- 
getic in  advancing  their  side  of  the  question.  I  think 
if  more  of  us  did  our  own  calculating  we  should  be 
using  more  low-efficiency  lamps  and  giving  a  more 
uniform  and  satisfactory  service.  There  are  stations 
in  which  3.  i-watt  lamps  can  be  used  to  advantage, 
but  I  think  the  use  of  3.  i-watt  lamps  has  been  forced 
far  beyond  the  point  that  would  be  determined  by 
true  economy  and  satisfactory  service. 
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The  importance  of  determining  the  best  lamp 
efficiency  can  hardly  be  over-estimated,  for  the  selling 
side  of  the  lighting  business  is  one  wherein  much 
money  can  be  lost  or  gained.  It  is  all  well  enough 
to  give  the  expense  side  full  attention ;  the  savings, 
however,  that  are  effected  in  station  operation  through 
the  expenditure  of  goodly  sums  for  reconstruction  can 
be  quite  readily  offset  by  the  effect  of  improper  lamps. 
Through  the  supply  of  lamps  of  too  low  efficiency,  or 
through  general  neglect  of  lamps. — by  failing  to  supply 
free  or  low-priced  renewals  and  thereby  permitting  all 
kmds  of  lamps  to  go  into  service  — managers  are  led 
into  price  reductions,  to  the  giving  of  allowances,  to 
indiscriminate  rate-making  and  kindred  evils  that 
seriously  reduce  profits.  Furthermore,  the  introduction 
of  the  electric  light  into  stores  and  residences  is  by 
the  same  causes  retarded,  and  long  hours  of  use  by 
consumers  (the  most  profitable  character  of  service) 
is  discouraged.  This  question,  therefore,  comes  home 
to  every  central  station,  and  there  should  not  be  one 
that  admits,  either  by  word  or  by  the  act  of  failing  to 
control  and  regulate  the  lamps  in  use  on  its  circuits, 
that  it  is  indifferent  to  the  question  of  the  best  lamp 
efficiency. 
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DEFINITION    OF    THE   TERM    **  BEST    EFFICIENCY 

It  is  necessary,  first  of  all,  to  define  the  meaning 
of  the  expression  **  Best  Lamp  Efficiency."  It  does 
not  necessarily  mean  the  highest  efficiency,  nor  the 
efficiency  that  gives  the  longest  lamp  life.  The  term 
"best "as  used  here  means,  as  1  take  it,  the  most 
desirable  ;  that  is,  the  efficiency  that  will  give  the  most 
desirable  results. 
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Now,  what  are  the  most  desirable  results?  It  is 
easy  to  answer  this  question.  Electric  lighting  is  a 
commercial  business,  engaged  in  for  the  purpose  of 
making  money,  and  the  most  desirable  results  are 
those  that  yield  the  greatest  net  money  return ;  or, 
briefly,  the  most  desirable  results  are  Net  Earnings, 
The  question  reduces  itself,  then,  to  what  efficiency 
of  lamp  in  central-station  service  will  secure  the 
greatest  amount  of  net  earnings. 

Before  proceeding  with  the  discussion  it  will  be 
well  to  have  other  definitions  and  agreements  clearly 
stated. 

First  of  all,  the  lamp  unit  for  the  general  dis- 
cussion will  be  the  standard  sixteen-candle-power, 
loovolt  to  125-volt  lamp.  Other  units  of  candle- 
power  will  be  considered  subsequently. 

Second — The  efficiency  will  mean  the  watts  per 
candle  taken  by  the  lamps  at  starting;  that  is,  the 
initial  efficiency. 

Third — The  lamp  life  considered  will  be  what  is 
known  as  the  useful  life ;  that  is,  the  life  to  the 
point  where  the  lamp  has  dropped  to  eighty  per  cent 
of  initial  candle  power.  This  conforms  to  standard 
practice  of  the  day. 

Fourth — The  light  is  assumed  to  be  sold  by 
meter  on  the  kilowatt-hour  basis. 

Fifth — Lamps  are  assumed  to  be  supplied,  either 
free,  or  at  such  a  low  price  to  consumer  as  to  give 
the  central  station  entire  control  of  the  matter. 

Free  lamp  renewals  is,  first  of  all,  standard  and 
accepted  practice  of  the  most  successful  stations, 
approved  by  leading  engineers  and  managers ;  and  the 
reasons  for  this  were  fully  given  in  the  paper  pre- 
sented by  the  writer  at  your  last  year's  convention 
Aside  from  this,  however,  free  renewals  or  control  of 
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lamps  must  be  assumed  if  a  station  is  to  decide  the 
question  of  the  best  lamp  efficiency  ;  for  without  free 
renewals,  or  lamps  at  a  very  low  cost,  how  can  any 
station  secure  the  use  of  that  efficiency  determined  as 
best  ?  Experience  has  shown  that  where  the  con- 
sumer buys  the  lamps,  low-efficiency  lamps  are 
invariably  used,  and  lamps  are  never  renewed  except 
when  broken.  We  shall  later  see  additional  reasons 
for  the  necessity  of  free  lamp  renewals  where  a 
station  desires  to  select  and  put  in  service  those 
lamps  having  the  best  efficiency  for  its  conditions. 


THE    COST    OF    LIGHTING 


The  cost  of  lighting  may  be  divided  into  two 
items :  The  cost  of  the  lamp  and  the  cost  of  the 
current ;  the  latter  cost  can  be  taken  to  include  all 
expenses,  fixed  charges,  etc. 


USEFUL  LIFE  AND  LAMP  COST  FOR  THE     DIFFERENT     EFFI- 
CIENCIES   OF     THE    SIXTEEN-CANDLE-POWER    LAMP 

The  cost  of  lamps  varies  for  a  given  price  of 
lamp  with  its  efficiency.  Assuming  that  lamps  are 
renewed  at  the  end  of  their  useful  life,  we  have  the 
variation  of  lamp  life  and  lamp  cost  per  kilowatt- 
hour  for  different  efficiencies  of  the  sixteen-candle- 
power  lamp  given  in  Table  I  and  plotted  in  the 
curves  of  Figure  i.  These  values  of  cost  per  kilo- 
watt-hour are  deduced  from  the  formula  Lamp  Cost 
per  Kilowatt-Hour  = 

Cost  of  Lamp 
Efficiency  x  Candle  power  x  Useful  Life 
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Table    I 

USEFUL    LIFE    AND    LAMP-RENEWAL    COSTS    PER    KILOWATT 

HOUR    FOR   SIXTEEN-CANDLE-POWER.     lOO-VOLT 

TO    I25-VOLT    LAMP    AT    VARIOUS    INITIAL 

EFFICIENCIES. 


(Lamps  renewed  at  end  of  useful  life.) 
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6.8 
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4.94 

,             3.07 
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1.02 
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0.50 
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0.42 
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0.36 

0.25 

0.31 

0.21 

0.27 

0.19 

0.23 

0.17 

1 

0.20 

IS    OPERATING     COST    THE    BASIS 

The  question  might  be  asked :  Why  is  not  that 
efficiency  the  most  desirable  which  secures  the  lowest 
operating  cost ;  that  is,  the  lowest  cost  of  lamp  renewals 
and  cost  of  current  to  the  station.  The  answer  is : — 
It  would  be  the  correct  basis  were  light  sold  by  the 
lamp  hour.  Here  the  efficiency  of  the  lamp  does  not 
affect  the  cost  of  light  to  the  consumer.  The  central 
station  receives  the  same  return  per  lamp  whether  the 
lamp   be   of   one   efficiency    or   of   another,  and    it    is 
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obvious,  therefore,  that  for  a  given  number  of  lamps, 
the  most  profit  can  be  made  with  that  efficiency  of 
lamp  which  gives  the  minimum  operating  cost.  This 
would,  of  course,  be  modified  somewhat  by  the  con- 
sideration of  how  much  additional  income  could  be 
secured  by  increase  in  number  of  lamps  through  the 
use  of  higher-efficiency  lamps. 

Electric  light,  however,  is  not  sold  by  the  lamp 
hour  but  by  the  kilowatt  hour.  This  makes  a  ma- 
terial difference  in  results.  The  efficiency  of  the 
lamp  now  affects  the  cost  to  the  consumer  as  well  as 
to  the  station.  The  use  of  a  low-efficiency  lamp  de- 
creases the  cost  to  the  station  (by  reduction  in  lamp 
renewals),  but  it  increases  the  cost  to  the  consumer. 
With  a  high-efficiency  lamp  the  case  is  reversed  ;  the 
station  cost  is  increased  and  the  consumer's  cost  is 
reduced. 

It  should  be  here  observed  that,  so  far  as  the  sta- 
tion  is  concerned,  having  a  given  output  in  kilowatt 
hours  to  sell  and  being  paid  for  it  by  the  kilowatt 
hour,  it  makes  practically  no  difference  in  the  economy 
of  the  station  whether  it  is  sold  in  high  or  low- 
efficiency  lamp  units,  except  in  the  matter  of  lamp 
renewals.  The  case  is  quite  analagous  to  the  substi- 
tution of  smaller  candle  power  than  the  standard 
sixteen  candle  power,  which  is  the  largely  accepted 
practice  to-day,  and  which  makes  practically  no  differ- 
ence in  the  economy  of  the  station,  except  as  to  lamp 
renewals. 

Looking  at  the  question,  therefore,  from  the 
operating-cost  standpoint,  the  logic  of  the  situation 
points  to  the  use  of  the  lamp  that  costs  the  least  for 
renewals,  that  is,  the  extreme  of  low-efficiency  lamps, 
the  limit  of  which  would  be  a  lamp  that  never  burned 
out.     To   accept   this   conclusion,  however,  we  should 
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have  to  assume  that  people  could  not  do  without 
electric  light  and  that  the  station  could  invariably  sell 
all  the  current  it  could  generate ;  in  other  words, 
there  must  be  a  complete  monopoly  for  electric  light- 
ing. Such  is  seldom,  if  ever,  the  case,  and  we  are 
forced  to  look  at  the  question  from  the  standpoint  of 
the  consumer,  whose  interests  demand  a  lamp  of  the 
highest  practical  efficiency. 

I  have  heard  the  argument  advanced  that  a  station 
could  reduce  its  costs  by  the  use  of  low-efficiency 
lamps,  thereby  enabling  it  to  reduce  rates  and  thus 
stimulate  business.  Low  rates,  however,  do  not  give 
these  results  unless  they  secure  low  costs  to  consumers. 
This  argument,  therefore,  is  a  fallacy,  since  the  slight 
decrease  in  rates  rendered  possible  by  the  reduction  in 
cost  of  the  station  supply  with  a  low-efficiency  lamp 
will  not  suffice  to  reduce  the  cost  to  the  consumer, 
because  of  the  increased  power  to  be  paid  for.  In 
other  words,  the  low-efficiency  lamp  increases  the  con- 
sumer's bill  more  than  it  is  lowered  by  the  reduction 
in  rates  the  station  can  offer  from  the  savings  in  lamp 
renewals. 

From  curve  in  Figure  i,  we  see  that  the  saving 
in  cost  to  station  of  lamp  renewals  by  the  substitution 
of  four-watt  lamps  for  3.  i-watt  lamps  is  about  52 
cents  per  kilowatt-hour.  The  increased  power  to  be 
paid  for  by  consumers  is  14.4  watts  (64  watts  less 
49.4),  or  twenty-eight  per  cent.  On  a  ten-cent  rate 
this  requires  a  reduction  of  nearly  three  cents,  which 
means  that  the  rate  reduction  must  be  six  times  the 
saving  to  the  station.  Obviously,  we  can  benefit 
consumers  more  with  a  high-efficiency  lamp  at  the 
old  rate.  If  reductions  to  consumers  are  necessary, 
the  greatest  saving  can  be  made  at  the  least  cost  to 
the  central  station  by  a  slight  reduction  in  rates  and 
the  use  of  a  high-efficiency  lamp. 


Fig.  I. — Curve  (I)  of  Useful  Life  of  Standard  Sixteen-Candle-Power 
Lamp  at  Various  Initial  Efficiencies.  Curves  II  and  III  Giving 
Cost  of  Lamps  per  Kilowatt-Hour  for  Sixteen-Candle-Power, 
loo-VoLT  TO  125-V0LT  Lamps  at  Various  Initial  Efficiencies, 
Renrwing  Lamps  at  End  of  Useful  Life. 
II— Cost  for  Lamp  Price  Sixteen  Cents. 
Ill— Cost  for  Lamp  Price  Twenty  Cents. 
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The  use  of  four-watt  or  low-efficiency  lamps  might 
be  desirable  to  increase  income  where  very  low  rates 
have  existed  which  it  is  not  advisable  or  possible  to 
increase ;  but  purposely  to  adopt  low-efficiency  lamps 
in  order  that  low  rates  may  be  made,  seems  to  me 
like  putting"  the  cart  before  the  horse. 

The  fixing  of  rates  is  a  large  question,  and  should 
not  be  made  to  revolve  about  the  cost  of  lamp 
renewals.  Giving  low  rates  with  the  expectation  of 
making  up  by  the  use  of  low-efficiency  lamps  is 
dangerous ;  it  is  apt  to  drive  the  consumers  to 
supplying  their  own  lamps.  This  may  be  thought  to 
be  an  advantage,  but  the  free  lamp  renewal  policy  is 
shown  by  practice  and  years  of  experience  to  be  an 
invaluable  essential  to  good  electric-lighting  service. 
Nothing  should  be  permitted  that  jeopardizes  it. 
Furthermore,  the  employment  of  low-efficiency  lamps 
is  apt  to  invoke  municipal  criticism  and  action  and 
the  probable  enactment  of  an  ordinance  requiring  the 
supply  of  high-efficiency  lamps.  Rates  once  reduced 
can  not  well  be  raised,  and  down  goes  the  income. 

It  is  generally  best  to  keep  rates  as  high  as  pos- 
sible and  secure  reductions  through  use  of  the  most 
efficient  devices. 

Returning,  now,  to  the  general  question  of  the 
most  desirable  efficiency,  we  find,  as  a  general  con- 
clusion, that  we  can  not  determine  it  from  the  stand- 
point of  operating  cost,  as  this  basis  will  not  secure 
the  greatest  amount  of  net  earnings. 


HOW    MAY    NET    EARNINGS    BE    INCREASED? 

In  order  to  arrive  at  the  proper  standpoint,  it  will 
be  well  to  discuss  briefly  the  general  question  of  net 
earnings  and  how  they  are  increased. 
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Net  earnings  are  the  product  of  per  cent  of  profit 
by  amount  of  business.  There  is  a  point  of  balance 
between  these  two  factors  at  which  their  product,  the 
net  earnings,  becomes  a  maximum. 

The  largest  profits  are  not  secured  by  exacting 
the  highest  per  cent  of  profit,  but,  on  the  contrary, 
are  generally  secured  by  low  prices  and  small  per 
cent  of  profit,  thereby  increasing  the  gross  business 
and  swelliijg  the  total  profit.  In  other  words,  we 
are  concerned  not  so  much  as  to  the  cost  of  our 
commodity  (costs  may  be,  and  frequently  are, 
increased  with  advantage) ;  not  so  much  with  per 
cent  of  profit,  but  chiefly  with  so  fixing  the  selling 
price  and  pushing  the  business  as  to  increase  the 
sales  to  the  point  of  securing  the  maximum  profit. 
Applying  this  idea  to  the  question  of  lamp  efficiency, 
we  would  say  that  the  most  desirable  efficiency  is 
not  that  efficiency  which  gives  the  lowest  cost  to  the 
central  station,  or  that  efficiency  which  will  return 
the  highest  per  cent  of  profit  from  customers ;  but 
rather  is  it  that  efficiency  which  for  any  given  rate 
will  secure  to  the  electric  lighting  company  the 
greatest  amount  of  profit,  swelling  the  gross  profitable 
business,  not  only  by  augmenting  the  number  of 
lamps  connected,  but  also  by  increasing  the  average 
hours  used  so  as  to  bring  in  the  fullest  net  returns. 

With  the  accepted  basis  of  sale  of  light  by  the 
kilowatt  hour,  it  is  plain,  as  I  have  already  stated, 
that  the  efficiency  of  lamp  used  makes  practically  no 
difference  in  the  economy  of  operating  and  service 
except  in  the  matter  of  lamp  renewals.  With  the 
consumer  supplying  his  own  lamp  renewals,  the 
station  would  hardly  be  concerned  at  all  (.within 
extremes)  with  the  question  of  efficiency.  The  con- 
sumer could  use  anv  efficiency  (within  limits)  that  he 
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pleased  and  it  would  make  practically  no  difference 
to  the  central  station,  which  receives  its  pay  for  the 
energy  consumed.  I  say  practically  no  difference,  as 
the  station  would  be  concerned  to  the  extent  of 
having  its  consumers  use  that  efficiency  of  lamp 
which  would  keep  the  consumer's  bill  from  being 
excessive.  The  minimum  cost  to  the  consumer 
would  be  secured  with  that  efficiency  which  made 
the  sum  of  lamp  renewals  and  cost  of  current  a 
minimum. 


THE    EFFICIENCY    GIVING    MINIMUM     COST    TO    CONSUMERS 

The  efficiencies  at  which  this  minimum  cost  is 
secured  are  given  by  the  curves  in  Figure  2.  These 
curves  are  plotted  by  taking  the  minimum  points  of 
the  curves  of  cost  (dotted  curves).  These  cost 
curves  were  deduced  for  the  different  power  rates 
from  the  formula. 

Cost  of  light  =  Cost  of  power  +  Cost  of  lamp  = 
Rate  X  lamp  efficiency  x  candle  power  x  hours  used  + 
lamp  efficiency  x  candle  power  x  hours  used  x  cost  of 
lamp  per  kilowatt   hour. 

Since  lamps  cost  per  kilowatt  hour  = 

Cost  of  Lamp 

Efficiency  x  Candle  power  x  Useful  Life 
the  formula  reduces  to 

Cost  of  light  =  hours  used  x  rate  x  lamp  efficiency 
X  candle  power  +      Cost  of  Lamp 

Useful  Life 

I  have  assumed  a  thousand  hours'  service  as  a 
basis  and  have  deduced  from  this  formula,  in  con- 
junction with  life  values  given  in  Figure  i,  the  value 
of  total  cost  of  light  for  the  various  efficiencies  of 
sixteen   candle   power    at    practically  all   the   different 
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rates  for  current  and  at  two  costs  for  lamps— sixteen 
cents  and  twenty  cents.  These  values  are  plotted  in 
the  horizontal  curves  shown  in  dotted  lines.  The 
vertical  (solid)  lines  intersecting  the  lowest  point  of 
these  curves  are  the  curves  of  lamp  efficiencies  which 
secure  minimum  cost  of  light.  For  example,  with 
lights  costing  sixteen  cents  and  at  a  rate  of  six  cents 
per  kilowatt  hour,  the  curve  shows  that  an  efficiency 
of  2.9  watts  per  candle  secures  lowest  cost.  With  a 
twenty-cent  lamp  cost  and  a  ten-cent  rate,  the  curve 
shows  that  the  efficiency  should  be  2.75  watts  per 
candle,  etc. 

The  assumption  made  of  the  consumer  supplying 
his  own  lamp  renewals  is  not  a  true  one,  as  the  best 
practice,  and  many  years  of  experience  of  central- 
station  service,  have  fully  demonstrated  that  the  sta- 
tion should  supply  lamp  renewals  free  to  the  con- 
sumer. Free  lamp  renewals  has  therefore  been  ac- 
cepted as  the  standard  practice;  but  in  any  event,  as 
already  stated,  free  renewals,  or  the  control  of  lamps, 
is  necessary  to  the  purposes  of  this  discussion. 

The  curves  in  Figure  2  show  that  for  all  the 
general  rates  of  current  supply  (four  cents  per  kilo- 
watt hour  and  above)  the  minimum  cost  of  service  is 
secured  with  an  efficiency  of  three  watts  per  candle, 
or  higher.  Now,  experience  has  shown  that  lamps  of 
an  efficiency  of  3.1  watts  per  candle  can  only  be  kept 
in  service  by  supplying  lamps  free  or  at  a  very  low 
figure,  well  below  cost.  Some  consumers  would,  of 
course,  appreciate  their  value,  but  the  average  lay- 
man cannot  be  made  to  understand  that  he  is  not 
saving  money  when  he  is  saving  on  the  cost  of  his 
lamps.  When  the  lamp  supply  is  left  to  him,  there- 
fore, the  low-efficiency,  long-lived  lamps  prevail  and 
lamps  are  renewed  only  when  they  break. 
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Fk;.  2.— Minimum  Cost  Curves  (I,  II)  Giving  Efficiencies  of  Standard 
Sixtekn-Candle-Power  Lamp  at  Which  for  Different  Rates  of 
Power  and  Cost  of  Lamps  the  Cost  of  Light  is  a  Minimum 
(Renewing  Lamps  at  End  of  Useful  Life  Corresponding  to  Each 
Efficiency). 
I— Curves  for  Sixteen-Cent  Lamp  Price. 
II — Curves  for  Twenty-Cent  Lamp  Prick. 

Dotted    Horizontal   Curves  Give   Total  Cost  of    Light   (Lamps 
AND  Power)  at  Different  Rates. 


lOI 


THE     CASE     STATED 


So,  then,  we  have  our  general  case  summed  up  as 
follows: 

We  have  deduced  and  have  before  us  the  efficiency 
that  secures  the  minimum  cost  of  light  to  the  con- 
sumer at  various  rates,  including  the  cost  of  lamp 
renewals.  Accepted  practice  supplies  the  lamp  re- 
newals free  and  saves  the  consumer  this  part  of  his 
expense. 

What  lamp  efficiency,  then,  is  the  most  desirable  ? 
Clearly,  it  should  be  that  efficiency  which  would,  if 
the  consumer  bought  his  own  lamp,  secure  him  his 
light  at  the  lowest  cost;  or,  in  other  words,  the 
efficiencies  that  are  given  by  curves  of  minimum  cost 
in  Figure  2.  This  is  true  because  at  any  lower 
efficiencies  the  consumer  could  afford  to  buy  his 
own  lamps  and  save  money.  Here  is  the  point, 
then,  that  the  station  should  reach  in  lamp  efficiency. 

Referring  to  the  curve  in  Figure  2,  the  two  curves 
representing  the  two  lamp  costs  of  sixteen  and  twenty 
cents,  and  including  all  rates  from  one  cent  to  twenty 
cents  per  kilowatt  hour,  cover  quite  completely  all 
practical  cases.  From  the  values  shown  by  these 
curves  we  see  that  no  central  station  having  suitable 
voltage  regulation  should  use  any  lower-efficiency 
lamp  than  3.  i  watts  per  candle.  It  will  surprise  many, 
perhaps,  to  note  that  it  is  at  the  rather  low  rate  of 
four  and  five  cents  per  kilowatt  hour,  and  with  a 
twenty-cent  price  for  lamp  that  we  get  a  minimum 
cost  with  the  3.  i-\vatt  lamp  and,  therefore,  that  for 
all  higher  rates  than  this  lamps  of  an  efficiency  of 
2.9,  2.*8.  2.7,  and  up  to  2.5  watts  per  candle,  become 
the  proper  ones  to  secure  minimum  cost.  It  is  plain, 
then,  that   the   3.  i-watts-per-candle   lamp,  at   the  least, 
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should  be  supplied  in  central-station  service.  Whether 
a  higher-efficiency  lamp  should  be  used  will  depend 
upon  the  average  of  rates  given  and  the  special  con- 
ditions of   supply. 

We  see  from  Figure  2  that  for  rates  from  eight 
to  twelve  cents  the  2. 75-watt  lamp  appears  desirable; 
for  rates  from  fourteen  to  eighteen  cents  the  2.5-watt 
lamp  is  the  one,  and  for  twenty-cent  rates  a  lamp 
between  two  and  a  half  and  two  watts  per  candle 
should  be  used.  It  must  be  noted,  however,  that  the 
conditions  of  supply  come  in  to  modify  these  results 
considerably. 

Consumers  whose  average  rates  are  as  high  as 
twelve  to  twenty  cents  per  kilowatt  hour,  are  con- 
sumers whose  lamps  average  only  about  a  half  hour 
to  an  hour's  use  per  day.  They  would  require,  there- 
fore, several  years  to  make  the  saving  shown,  which 
is  based  on  a  thousand  hours*  service.  Such  con- 
sumers, moreover,  are  more  or  less  unprofitable  to 
the  station,  and  it  would  therefore  be  unwise  for  the 
station  to  increase  its  costs  for  such  business  by 
adopting  a  very  high-efficiency  lamp. 

For  consumers  paying  a  rate  of  from  eight  to 
twelve  cents,  the  2. 75-watt  lamp  is  the  desirable  one. 
Such  a  lamp  in  place  of  the  3.1-watt  lamp  has  already 
been  asked  for  by  some  central  stations.  We  may- 
well  consider  whether  it  is  not  time  for  the  adoption 
of  a  higher  efficiency  than  the  3.1-watt.  Some  com- 
panies, however,  consider  a  2. 75-watt  lamp  so  close 
to  the  3.1-watt  lamp  as  to  invite  a  compromise.  It 
is  plain,  therefore,  that  the  3.1-watt  lamp,  or  better, 
is  the  best  efficiency  for  all  cases  where  current  is 
sold  for  lighting  supply.  Four-watt  lamps  and  3.5- 
watt  lamps  are  not  desirable  unless  the  station  regu- 
lation is  not  good  enough  for  the  use  of  the  3.1-watt 
lamp. 
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In  the  case  of  supply  of  light  for  the  station's 
own  use,  or  in  the  case  of  isolated  plants,  and  in  all 
cases  where  costs  are  below  three  cents  per  kilowatt- 
hour,  the  results  point  to  an  efficiency  between  ^.^ 
and  3.5  watts  per  candle  as  the  efficiency  giving 
lowest  total  cost  for  light.  With  power  costs  below 
two  cents,  as  in  the  case  of  electric  street  railways, 
the  four-watt  lamp  becomes  the  one  to  use. 


THE    QUESTION    OF    REGULATION 

Speaking  generally,  then,  for  central-station  light- 
ing service,  the  rule  appears  to  be  to  use  the  highest 
efficiency  permissible  with  the  voltage  regulation. 

The  question  may  be  asked,  How  much  of  a 
variation  of  voltage  is  permissible  with  a  3.  i-watt 
lamp  ?  The  effects  of  increase  of  voltage  are  given 
in  the  following  table,  in  which  is  also  given,  in  the 
second  column,  the  efficiency  at  which  the  lamps 
burn  with  the  various  increases  in  voltage. 


Volume  per  cent'of  Normal 

Watts  per  Candle  power 

Life  per  cent  of  Normal 

100 

3.10 

100 

lOI 

3.00 

82 

102 

2.91 

68 

103 

2.82 

56 

104 

2.73 

46 

105 

2.64 

38 

106 

2.56 

32 

The  reduction   in   life   shown   is  given   only  when 
the   voltage   is   permanently   kept   high.     This   should 
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not  occur  to  a  greater  extent  than  four  per  cent, 
which  would  allow  for  an  extreme  variation  several 
per  cent  higher.  If  voltage  runs  permanently  as  high 
as  this  or  higher,  then  a  higher-voltage  lamp  should 
be  used. 

We  see  from  the  foregoing  table  that  with  a 
pressure  of  four  per  cent  to  five  per  cent  high  the 
efficiency  is  only  increased  to  about  2.75  watts  per 
candle.  Reference  to  our  minimum-cost  curve 
(Figure  2)  shows  that  an  efficiency  of  2.75  watts  per 
candle  is  not  excessive,  but  gives  minimum  values 
quite  closely  for  the  general  net  rates  in  use.  There- 
fore, with  a  regulation  running  permanently  four  per 
cent  high  we  can  use  the  3.1 -watt,  sixteen-candle- 
power  lamp  and  still  be  within  the  range  of  econom- 
ical results.  There  should  be  no  good  reason, 
however,  for  such  a  permanent  excess  of  pressure,  as 
lamps  of  higher  voltage  can  readily  be  obtained  to 
correspond  to  the  higher  line  pressure. 

The  average  life  (lamps  left  to  burn  until  broken) 
at  3. 1  watts  of  the  sixteen-candle-power  lamp  is  about 
750  hours,  and  from  our  table  of  life  variation  with 
voltage  we  can,  by  sacrificing  the  candle-power  limit, 
suffer  a  pressure  variation  as  high  as  four  per  cent, 
reducing  the  actual  life  to  350  hours,  which  is  long 
enough  to  compensate  for  the  advantages  of  the  3.1- 
watt  lamp.  Good  regulation,  however,  is  such  a 
valuable  essential  that  it  should  be  secured  and  main- 
tained by  all  stations.  Modern  automatic  voltage 
regulators  like  the  *'TirreH"  render  this  practical  and 
possible.  We  see,  therefore,  that,  first  of  all,  regu- 
lation has  to  be  very  bad  to  exclude  the  3.1-watt 
lamp,  and  secondly,  that  there  is  no  good  reason 
why  bad  regulation  should  exist  in  any  station  service 
and  that  it  most  emphatically  pays  to  get  rid  of  it. 
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CONSIDERATIONS    IN    FAVOR   OF    THE    3. 1-WATT    LAMP 

In  addition  to  the  considerations  we  have  noted, 
there  are  other  features  that  recommend  the  3.  i-watt 
lamp.  One  is  the  better  quality  of  the  light;  its 
greater  brilliancy  and  attractiveness. 

The  power  of  light  to  bring  out  colors  increases 
with  the  temperature  of  the  filament,  and  the  3.1- 
watt  lamp  is  therefore  much  better  suited  than  lower- 
efficiency  lamps  for  modern  illuminating  work  with 
dry  goods,  pictures,  etc.,  in  which  color  effects  must 
be  shown  as  far  as  possible  in  their  real  values. 

Another  feature  is  that  a  3.  i-watt  lamp,  although 
giving  equal  candle-power  with  lower-efficiency  lamps, 
always  looks  brighter  to  the  eye,  and  is  on  this  ac- 
count a  more  popular  lamp. 


THE    EFFECT     ON    RATES 

As  this  question  largely  concerns  the  question  ot 
rates,  we  might  find  it  of  interest  to  consider  how 
the  adoption  of  the  high-efficiency  3.1-watt  lamp,  in 
place  of  a  lower-efficiency  lamp,  affects  results  under 
the  different  systems  of  rates  in  force;  also  how  the 
central  station  can  cover   the  extra  lamp-renewal  cost. 

Our  considerations  and  conclusions,  as  stated  in 
the  beginning,  are  based  only  on  meter  rates.  On 
flat  rates  it  is  obvious  that  the  basis  of  sales  is  the 
lamp  month,  and  therefore,  as  with  a  lamp-hour 
basis,  the  efficiency  giving  lowest  operating  cost 
should  be  used,  modified  by  the  consideration  that  a 
high-efficiency  lamp  increases  the  number  of  lamps 
(and  consequently  the  income)  per  kilowatt  of  ca- 
pacity. 

The  supply  of  lamps  of  a  higher  efficiency  is  equiva- 
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lent  to  a  reduction  in  rates.  Therefore,  with  uniform 
meter  rates  varying  with  quantity  consumed,  or  on 
the  ** Two-Rate  Meter"  system,  the  adoption  of  high- 
efficiency  lamps  would  have  the  same  effect  as  a  re- 
duction in  the  rates.  Whether  or  not  it  would  increase 
the  use  of  light  to  the  point  of  improving  the  net 
earnings,  would  depend  upon  how  much  influence 
the  knowledge  that  a  high-efficiency  lamp  was  used 
would  have  on  the  consumer's  burning  his  lamps.  I 
should  say  it  would  have  a  stimulating  influence. 
The  evidence  of  this  is  the  improved  returns  that  the 
installation  of  lower  units  of  candle  power  has  effected 
and  the  marked  improvement  in  the  gas  business  with 
the  introduction  of  Welsbach  burners. 

As  regards  meter  rates  with  a  minimum  guarantee, 
the  same  conditions  apply,  with  the  added  advantage 
that  the  guarantee  can  be  slightly  increased  to  cover 
additional  cost  of  lamp  renewals. 

A  generally-accepted  system  of  rates  is  the  one 
providing  for  the  two  charges  that  constitute  the  cost 
of  supply;  that  is,  the  '* readiness-to-serve"  charge  and 
the  *'  operating "  charge.  The  first  charge  is  covered 
either  by  a  minimum  guarantee  per  lamp  demanded 
(Mr.  Doherty's  system);  or  by  charging  a  high  rate 
for  the  first  one  to  two  hours'  use  per  unit  per  day 
(Mr.  Dovv's  system);  or  by  charging  a  high  rate  for 
a  given  number  of  hours'  use  of  the  maximum  de- 
mand (The  Wright  Demand  system);  or  by  charging 
a  high  rate  for  a  given  number  of  hours'  use  of  the 
maximum  capacity  of  installation  (New  York  system), 
etc. 

The  second  charge,  to  cover  '* operating"  cost,  is 
uniformly  made  by  allowing  a  low  rate  (generally 
half  the  first  rate)  for  all  additional  current  used  in 
excess  of  that  charged  for  at  the  high  rate. 
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The  general  effect  of  the  adoption  of  a  high- 
efficiency  in  place  of  a  low-efficiency  lamp  in  all  these 
cases,  will  be  to  increase  the  number  of  units  per 
kilowatt  of  station  capacity.  It  should  therefore  in- 
crease the  gross  high-rate  revenue  on  Mr.  Dow's 
system  and  the  New  York  system. 

The  consumer's  appreciation  of  the  fact  that  he  is 
supplied  with  a  high-efficiency  lamp  should  have  a 
tendency  to  make  him  more  liberal  in  the  use  of 
lamps,  and  thereby  increase  the  number  of  lamps 
demanded,  or  the  maximum  number  used,  and  thus 
enlarge  the  high-rate  revenue  on  both  Mr.  Doherty's 
and   the  Wright  demand  system. 

In  all  these  cases,  then,  we  see  that  the  use  of 
high-efficiency  lamps  improves  the  high-rate  revenue 
income  per  kilowatt  of  capacity  (covering  readiness- 
to-serve  cost),  and  this  offsets  in  a  measure  the  in- 
creased cost  of  lamp  renewals.  In  any  case,  a  slight 
addition  can  be  made  to  the  price  per  lamp  demanded 
or  increase  of  number  of  hours  for  which  units  in- 
stalled, maximum  demand,  etc.,  is  charged,  thus  secur- 
ing an  increase  in  the  readiness-to-serve  charge  to 
cover  fully  additional  lamp-renewal  cost  of  high- 
efficiency  lamps.  In  other  words,  these  systems  of 
rates  are  so  flexible  as  to  permit  of  readily  covering 
the  additional  lamp-renewal  cost  to  station  (with  high- 
efficiency  lamps)  in  the  readiness-to-serve  charge.  All 
objections  are  thus  removed  to  adopting  the  high 
efficiency  lamps  our  theory  requires. 


HOW    LAMP-RENEWAL    COST    MAY    BE   OFFSET 

Looked   at   in   another  way,  it   is  as  if  the  station 
manager  should  say:    *'We  find  it  of   considerable  ad- 
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vantage  to  be  able  to  provide  light  so  that  the  cost 
to  our  customers  will  be  a  minimum.  This  requires 
the  use  of  a  3.1 -watt  lamp.  We  do  not  want  to  in- 
crease operating  costs  by  the  adoption  of  a  3.1 -watt 
lamp  in  place  of  the  3.5  or  4-watt  lamp  heretofore 
supplied.  We  do  not  deem  it  desirable  to  attempt 
to  increase  our  kilowatt-hour  rate  to  cover  this  in- 
creased cost.  We  find  our  consumer  will  not  use  a 
3. 1 -watt  lamp  and  pay  for  it  direct,  although  such  a 
lamp,  even  with  its  price  added,  gives  light  at  a  less 
cost  than  a  3.5  or  four-watt  lamp  when  supplied  free. 
We  find  that  the  consumer,  if  made  to  buy  his  own 
lamps,  will  invariably  use  some  lower  efficiency  than 
3.1  watts.  Consumers  will  not  even  pay  directly 
simple  increase  of  lamp-renewal  costs  for  3.  i-watt 
lamps.  We  will,  therefore,  make  consumers  pay  it 
indirectly,  by  a  slight  modification  of  our  readiness-to- 
serve  charge." 

This  involves  no  change  in  kilowatt-hour  rates,  and 
is  therefore  not  apparent  to  the  consumer,  who, 
nevertheless,  is  thus  made  to  contribute  for  the 
supply  of  the  lamp  it  is  to  his  interest  to  use,  and 
which  will  save  him  on  his  service  many  times  the 
charge  he  unwittingly  pays  therefor.  This  plan  is,  I 
know,  not  correct  theory  as  concerns  rates,  since 
lamp  renewals  are  an  "operating."  not  a  "readiness- 
to-serve"  cost.  It,  however,  solves  the  difficulty 
where  it  is  not  possible  to  increase  the  kilowatt-hour 
rates.  I  am  even  bold  enough  to  suggest  this  as  a 
means  of  covering  the  full  cost  of  free  renewals  for 
stations  that  are  guilty  of  making  consumers  buy 
their  own  lamps  from  supply  stores,  hardware  stores, 
etc.,  and  that  plead  in  extenuation  that  they  can  not 
afford  to  supply  free  renewals,  on  account  of  the 
cost. 
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It  would  be  the  more  correct  basis,  I  admit,  to 
increase  the  kilowatt-hour  rate  by  the  fraction  of  a 
cent  that  the  cost  of  lamp  renewals  represents  (See 
Curve  II,  Figure  i).  This  has  been  done  in  some 
cases  and  should  be  done  in  all,  hut  many  stations 
either  lack  the  courage  to  do  it,  or  find  it  inadvisable 
or  impractical.  The  other  plan,  therefore,  is  pro- 
posed. Its  working  is  covered  up  and  is  not  directly 
apparent,  and  thus  should  be  generally  feasible,  as  it  is 
not  open  to  the  objection  of  a  direct  change  in  the 
rate.  I  can  hardly  lay  too  much  stress  on  the 
necessity  of  free  renewals,  since  without  free  renewals 
or  complete  lamp  control  this  whole  discussion  is 
useless;   and  this  must  not  be  forgotten. 

The  effect  of  a  high-efficiency  lamp  on  returns 
from  the  low-rate  charge  covering  operating  cost 
should  be  the  same  as  that  given  by  the  low-rate 
charge  itself,  i.e,,  a  liberal  use  of  light.  This  is 
because,  as  before  stated,  the  supply  of  a  high 
instead  of  a  low-efficiency  lamp  is  equivalent  to  a 
reduction  of  rates.  The  low-rate  charges  that  cover 
operating  costs  do  not  go,  as  a  rule,  below  four 
cents  per  kilowatt  hour,  so  that  even  on  this  part  of 
the  charge  our  efficiency  determined  (3.  r-watt)  is  the 
proper  one. 

For  special  classes  of  business,  like  isolated  plants 
taken  on  the  service  where  current  is  supplied  at  a 
very  low  rate  per  kilowatt  hour  (three  cents  or 
lower)  it  is  desirable  to  compromise  on  the  lamp- 
renewal  question  by  making  the  consumer  pay  for 
lamps  but  charging  him  only  cost  or  below  cost 
therefor.  In  such  a  case,  of  course  the  lamp  effic- 
iency giving  the  minimum  cost  to  user  at  the  rate 
given  should  he  used. 
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THE   CASE    OF    OTHER    UNITS    THAN    SIXTEEN    CANDLE 

POWER 

It  was  expected  several  years  ago  that  the  stand- 
ard unit  would  tend  to  grow  larger  and  the  twenty- 
candle-power  lamp  gradually  take  the  place  of  the 
sixteen-candle-power.  Practice  has,  however,  followed 
the  opposite  course,  and  the  use  of  units  lower  than 
sixteen-candle-power  is  growing  extensively.  This  is 
as  it  should  be,  for  the  best  economy  of  lighting 
results,  permitting  as  it  does  a  better  distribution 
with  increase  in  number  of  lamps  available.  It  is  not 
at  all  improbable  that  in  a  few  years  the  standaid 
candle-power  unit  in  this  country  may  be  the  same 
that  it  is  in  Europe  to-day,  i.e.,  the  eight-candle-power 
lamp.  It  is  still  more  probable,  I  think,  that  these 
lower  units — ten  candle  power,  eight  candle  power, 
etc., — will  be  used  in  place  of  a  higher  efficiency 
sixteen-candle-power  lamp  than  the  present  3.  i-watt 
efficiency.  The  introduction  of  lower  candle-power 
units  than  sixteen  is  very  like  in  its  results  to  the 
introduction  of  sixteen-candle-power  lamps  of  higher 
efficiency.  These  low-candle-power  units  have  been 
of  immense  value  to  central  stations  in  securing  and 
holding  business  in  residences  and  elsewhere,  and 
their  large,  rapidly-growing  and  successful  use  attest 
the  value  of  the  argument  I  have  advanced  in  this 
paper,  namely,  that  it  pays  for  central  stations  to 
secure  their  consumers  the  greatest  economy  in  the 
costs  of  lighting  service,  just  as  gas  companies  are 
doing  with  the  Welsbach  lamp. 

The  determination  of  the  best  efficiency  of  these 
lower-candle-power  units  forms  a  most  interesting 
question,  hardly  second  to  that  of  the  sixteen-candle- 
power  lamp. 
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DIFFERENCE    IN    LIFE    BETWEEN    SIXTEEN   CANDLE    POWER 
AND    THE    LOWER   CANDLE    POWER    UNITS 

In    the    first    place,  it    must    be    noted    that    the 
lovver-candle-power  units  have  a  shorter   life    than  the 
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sixteen-candle-power  lamp  of  the  same  efficiency.     For 
the  same  efficiency,  the   life  decreases  with  the  reduc- 
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tion  in  the  candle-power  unit.  This  is  shown  in  the 
following  table  (Table  II),  which  gives  the  useful  life 
of  the  various  candle-power  units  and  the  cost  of 
lamp  renewals  per  kilowatt  hour.  These  values  are 
plotted  in  curves  in  Figures  3  and  4. 


Table    II 

USEFUL  LIFE  AND  LAMP-RENEWAL  COSTS  PER  KILOWATT 
HOUR  FOR  VARIOUS  CANDLE  POWERS  OF  lOO-VOLT 
TO  125-VOLT  LAMPS  AT  VARIOUS  INITIAL  EFFI- 
CIENCIES. LAMPS  RENEWED  AT  END  OF  USEFUL 
LIFE.  LAMP  PRICES  TAKEN:  1 7  CENTS  FOR  5,8,  ID 
AND  16-CANDLE-POWER  ;  26  CENTS  FOR  32-CANDLE- 
POWER. 
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Since  the  price  of  all  lamps  is  the  same  as  that 
of  the  sixteen-candle-power,  there  is  a  limit  in  efficiency 
with  low-candle-power  units  at  which  the  station  can 
afford  to  supply  the  lamp  free.  The  income  given 
during  a  life  the  same  as  the  sixteen-candle-power 
hears  too  small  proportion  to  the  cost  of  the  lamps. 
The  following   table  gives   information  on  this  point : 


Table    III 

COST     OF     LAMP     RENEWALS     WITH      DATA     AS     TO      LIFE, 

REVENUE    RETURNED,    ETC.,    FOR   CANDLE-POWFR 

UNITS    BELOW    SIXTEEN    CANDLE    POWER 


Cost  of 
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50 
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The  efficiency  that  gives  equal  life  to  that  of  the 
sixteen-candle-power  lamp  can  therefore  hardly  be 
taken  as  the  basis  for  low  candle-power  units. 

It  has  been  suggested  to  reduce  the  useful  life 
limit  from  eighty  per  cent  to  seventy  per  cent  or 
lower,  allowing  lamps  to  burn  to  the  end  of  their 
full  natural  life  and  thus  reduce  the  cost  of  renewals. 
The  natural  average  life  of  such  lamps  is,  however, 
just  about  the  same  as  the  useful  life  for  practically 
all  efficiencies  higher  than  3.6-watts  per  candle,  so 
that  there  is  no  increase  of  life  available. 
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THE    BASIS   OF    EQUAL    LAMP    COSTS    PER    KILOWATT   HOUR 

The  most  satisfactory  plan  would  seem  to  be  to 
adopt  that  efficiency  which  makes  the  costs  per  kilo- 
watt hour  for  any  unit  the  same  as  the  sixteen-candle- 
power  lamp  selected.  From  the  costs  given  in  Table  II 
and  curves  in  Figure  4,  we  can  quite  readily  deter- 
mine this.  This  gives  us  an  efficiency  of  3.6  watts  per 
candle  for  the  eight  and  ten-candle-power  lamps  and 
below  four  watts  for  the  five-candle-power  lamps. 
I  have  included  the  higher-candle-power  unit  up  to 
thirty-two  candle  power  on  this  diagram,  and  we  see 
they  should  have  the  same  efficiency  as  the  sixteen- 
candle-power.  The  adoption  of  low  efficiency  for 
low-candle-power  units  affects  costs  per  lamp  to  con- 
sumers much  less  than  with  sixteen-candle-power 
lamps;  there  is,  therefore,  less  objection  to  the  use 
of   3.5  and  four-watt  efficiency  in  these  units. 


THE    EIGHT-CANDLE-POWER    LAMP 

Were  the  eight-candle-power  lamp  the  standard 
unit  in  this  country  instead  of  the  sixteen-candle- 
power,  as  it  is  in  Europe,  we  should  then  deduce  the 
desirable  efficiency  on  the  same  basis  that  we  have 
adopted  for  the  sixteen-candle-power  lamp.  The 
curves  in  diagram  Figure  5  give  the  efficiencies  that 
will  secure  the  minimum  cost  of  light  similarly  to  the 
results  of  the  sixteen-candle-power  lamps  given  in 
Figure  2.  This  points  to  the  3. 6- watt  lamp,  or  better, 
as  the  desirable  one,  considering  the  matter  in  regard 
to  rates  and  conditions  of  service  in  the  same  way 
as  we  have  the  results  for  the  sixteen-candle-power 
efficiency. 
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Fig.  5  — Minimum-Cost-of-Light  Curves  for  Eight-Candle-Power  Lamps 
AT  Varioi's  Efficiencies  and  Different  Rates  for  Puwer  (Lamp 
Price  Taken  Seventeen  Cents  and  Renewals  Made  at  End  of 
UsEFiL  Life  Corresponi>ing  to  Each  Efficiency). 

Dotted  Horizontal  Curves  Give  Total  Cost  of  Light  (Lamp  and 
Power)  at  Different  Rates. 
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THE    LOWEST    UNITS    OF    CANDLE    POWER 

For  the  smaller  units  of  five,  four,  three  and  two 
candle  power,  extended  consideration  is  not  neces- 
sary, since  they  are  as  yet  generally  used  only  for  two 
purposes — sign  lighting,  and  closet  and  cellar  lighting 
in  residences.  For  the  latter  service  they  are  a  pure 
convenience  to  the  user  and  therefore  of  value  to  the 
central  station  company  only  in  popularizing  electric 
lighting  and  aiding  its  introduction  into  residences,  etc. 


THE    CASE    OF    SIGN    LAMPS 

In  sign  lighting  a  good  number  of  lamps  are 
always  used  together,  a  condition  that  allows  greater 
liberality  in  lamp  renewals  and  in  eflSciency  to  be 
chosen,  etc.,  than  would  be  the  case  for  general  service 
with  lamps  used  individually  or  in  smaller  groups. 
The  eflSciency  of  such  lamps  in  sign  lighting  must  be 
high  enough  to  secure  the  effect  of  point  and  bril- 
liancy, avoiding  the  reddish  tinge  which  gives  a  dim, 
dull  appearance.  To  this  end  we  must  accept  a  higher 
eflficiency  and  shorter  life  than  the  basis  of  equal  costs 
per  kilowatt  hour  with  sixteen-candle-power  lamps 
would  give  us.  Experience  shows  that  a  three  or 
four-candle-power  lamp,  when  used  at  approximately 
four  watts-per-candle  efficiency,  gives  very  satisfactory 
service  in  sign  lighting.  Their  life  will  average  six 
hundred  hours,  and  they  give  the  desired  brilliancy. 


GENERAL    CONCLUSION 

In  general,  then,  we  have  the  following  conclu- 
sion: 

First — The  best  available  eflficiency  in  central- 
station    service  for    the    sixteen-candle-power    lamp    is 
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3.1  watts  per  candle.     Actually,  the  2.75-watt  lamp  is 
the  desirable  one  for  average  rates  in  use. 

Second — The  3.1 -watt  lamps  can  he  used  to  ad- 
vantage even  when  the  voltage  is  kept  four  per  cent 
high  with  fluctuations  going  still  higher. 

Third — There  should,  therefore,  be  no  central 
station  which  supplies  current  by  meters  using  any 
lower  efficiency  than  the  3.  i-watt  lamp  in  sixteen 
candle  power. 

Fourth — The  best  efficiency  in  smaller  candle- 
power  units  is  that  which  keeps  the  cost  per  kilowatt- 
hour  renewals  about  the  same  as  the  sixteen-candle- 
power  costs.  This  basis  gives  a  3.6-watts-per  candle 
efficiency,  or  better,  for  eight  and  ten-candle-power 
lamps. 

Fifth — Very  low  candle-power  units,  being  used 
chiefly  for  sign  lighting,  can  be  more  liberally  treated 
than  the  basis  in  paragraph  fourth  demands.  An 
efficiency  of  four  watts  per  candle  is  desirable  for 
the  four  and  five-candle-power  units,  reducing  this  to 
five  watts  per  candle  for  the  three  and  two-candle- 
power  lamps,  owing  to  the  extreme  fineness  of 
filament  in  so  small  a  unit. 


New  York,  May  12,   1902. 
Henry  L.   Doherty,  Esq., 

President    National  Electric    Light  Association. 

Dear  Sir  : 

In  answer  to  your  request,  1  beg  to  append  a 
few  statements  having  bearing  on  the  proper  efficiency 
of  incandescent  lamps,  which  any  central  station  should 
select  as  the  best  for  its  purposes  : 

It  has  too  frequently  been  the  case  in  the  conduct 
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of  an  electric-lighting  business  that  we  become  so  much 
immersed  in  the  various  technicalities  governing  the 
situation  that  broad  lines  of  business  policy  are  tem- 
porarily overlooked.  This  should  not  be.  Turn  and 
twist  as  we  may,  eventually  we  are  confronted  by  the 
fact  that  the  central  stations  want  customers ;  they  are 
in  active  competition  with  other  forms  of  illumination, 
and  can  only  achieve  full  measure  of  success,  not  alone 
by  attention  to  every  engineering  problem — I  should 
be  the  last  to  decry  good  engineering — but  by  never 
forgetting  that  at  times  a  slight  expense  may  mean  a 
heavy  gain. 

Advocates  of  electric  illumination  should  never 
stand  content  with  the  fact  that  it  is  a  better  artificial 
illuminant  than  any  other  known  ;  it  should  be  made 
as  reasonable  in  cost  as  is  possible,  to  achieve  the 
widest  popularity.  This  is  not  the  day  of  a  small  busi- 
ness with  a  large  percentage  of  profit.  What  action 
should  then  be  taken  in  a  case  where  the  extension 
or  restriction  of  a  business  hangs  on  frequent  or  in- 
frequent lamp  renewals?  Would  it  not  be  wiser  to 
have  the  customer  use  a  i6-can die-power  50-watt  lamp, 
rather  than  a  64-watt  lamp  ?  Are  there  many  excep- 
tions to  the  rule  that  if  a  central  station  should  reduce 
25  per  cent  the  watts  necessary  to  produce  sixteen 
candle  power,  the  saving  to  the  customer  would  result 
in  a  largely  increased  business?  Why  then  tend  in 
the  opposite  direction  ? 

Not  every  central  station  can  regulate  closely 
enough  to  use  3.  i-watt  lamps,  but  the  result  will 
justify  the  highest  economy  possible,  without  too  great 
annoyance  to  the  customer  by  reason  of  burn-outs. 

From  a  strictly  engineering  standpoint,  it  would 
seem  a  simple  matter  for  the  members  of  the  National 
Electric   Light  Association  to  arrive  at  a  proper  con- 
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elusion  if  a  table  were  given  them,  the  fixed  factors 
provided,  and  blanks  left  for  the  variables,  which  each 
manager  could  insert  for  himself,  but  business  policy 
should  be  ever  kept  in  mind. 

Even  where  conclusions  coincide  with  business 
policy,  they  should  not  be  too  closely  subdivided, 
since  it  is  not  commercially  possible  for  an  incan- 
descent-lamp manufacturer  to  make  special  economies 
to  suit  every  case  exactly.  American  manufacturers 
are  ahead  of  their  foreign  rivals  because  they  have 
standardized  their  products,  and  this  is  as  true  of  lamp 
making  as  of  other  lines. 

The  leading  manufacturers  to-day  produce  3.1,  3.5^ 
and  four-watt  lamps,  which  practically  cover  the  field. 
A  central  station  whose  extreme  pressure  regulation  is 
not  within  three  or  four  per  cent  can  make  no  greater 
progress  during  the  next  year  than  by  devoting  itself 
to  this  problem.  Nor  should  the  station  manager  for- 
get that  a  broader  peak  inevitably  accompanies  a 
cheapening  of  cost  to  the  consumer.  This  is  a  vital 
point,  frequently  given  too  little  consideration,  and 
while  better  methods  of  charging  are  adopted,  the 
potency  of  the  latter  argument  is  not  lessened  by  high- 
economy  lamps. 

The  argument  that  low-efficiency  lamps  are  prefer- 
able to  high-efficiency  lamps  because  finer  regulation  is 
required  for  the  latter,  is  a  double  fallacy.  The  best  pos- 
sible regulation  should  be  provided,  regardless  of  lamp 
efficiency,  if  maximum  satisfaction  is  to  be  afforded 
the  consumer.  Nothing  is  more  irritating  to  a  lamp 
user  than  variable  intensity  of  light.  Instead  of  using 
the  delicacy  of  the  high-efficiency  lamp  as  a  screen 
behind  which  to  conceal  slovenly  management,  let  cen- 
tral-station men  bring  their  regulation  up  to  the 
highest  practicable  point,  with  a  view  to  best  satisfying 
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their  consumers ;  then  it  will  not  be  necessary  to  waste 
energy  on  four-watt  lamps. 

There  are  many  other  arguments  in  favor  of  the 
high-efficiency  lamp,  such  as  investment,  depreciation, 
with  which  should  be  included  the  displacement  factor. 
The  latter  has  received  scant  attention,  but  practice 
has  shown  it  to  be  of  great  importance  in  the  electric- 
lighting  field.  A  charge  of  lo  per  cent  for  deprecia- 
tion, annually,  does  not  properly  show  the  loss  when 
apparatus  becomes  obsolete  by  reason  of  improvements 
in  the  art.  The  greater  the  power  absorbed  by  the 
lamp,  the  higher  the  investment,  depreciation  and  dis- 
placement factors. 

The  central  stations  that  have  advocated  high  econ- 
omy in  incandescent  lamps,  have  been,  with  rare  ex- 
ceptions, the  companies  that  have  done  a  large  volume 
of  incandescent  lighting,  and  paid  handsome  dividends. 
In  the  light  of  such  experience  in  the  past,  should  we 
now  go  backward  and  increase  the  cost  of  electric 
lighting  to  the  customer  because  of  the  cost  of  lamp 
renewals  ?  Moreover,  it  will  be  found  that  customers 
can  more  readily  be  had  for  a  white  light  than  for  a 
yellow  one ;  the  first-named  pleases  the  eye. 

Just  a  word  here  as  to  the  cost  of  incandescent 
lamps;  a  good  lamp  is  to-day  sold  for  but  slightly 
more  than  a  lamp  chimney  costs.  The  former  goes 
through  over  fifty  mechanical,  chemical  and  electrical 
operations,  some  of  them  requiring  the  highest  techni- 
cal skill,  while  the  latter  is  made  in  three .  or  four 
operations.  Increased  output  has  so  aided  the  lamp- 
maker  in  reducing  his  cost  of  manufacture,  that  to-day 
a  lamp  sells  at  about  one-fifth  the  price  that  most  of 
us  can  remember  its  bringing.  One  of  the  prime 
factors  in  producing  this  condition,  has  been  the  em- 
ployment of  3.  i-watt  lamps   on   a  large  scale,   making 
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cheaper  lamps  through  larger  sales,  and  sales  made 
with  the  prime  consideration  of  giving  lighting  at  low 
cost  to  the  customer  of  the  central  station,  even  though 
the   renewals  were   more   frequent 

Yours  truly, 

Converse  D.   Marsh. 


The  President  :  These  papers  give  a  fair  example 
of  what  we  aim  to  accomplish  in  our  programme. 
We  aim  to  bring  together  the  views  of  several  men 
instead  of  presenting  those  of  any  one  man.  You 
can  not  agree  with  all  of  these  views,  and  having  several 
papers  on  the  subject  is  pretty  apt  to  result  in  a  better 
understanding  of  the  subject  than  if  but  one  paper 
were  presented.  You  would  be  rather  inclined  to  lean 
to  the  views  in  any  one  paper.  You  now  have  the 
views  of  four  or  five  men.  They  do  not  agree.  The 
lamp  manufacturers  favor  a  high-efficiency  lamp  and 
the  station  men  favor  a  low-efficiency  lamp.  One 
manufacturer  is  inclined  to  believe  in  low-efficiency 
lamps.     The  subject  is  now  open  for  oral  discussion. 

Mr.  Fer(;uson  :  Mr.  President  and  gentlemen : 
I  feel  very  much  like  complimenting  Mr.  Willcox  on 
his  very  elaborate  and  carefully  prepared  paper.  I 
have  been  intensely  interested  in  it,  although  I  have 
not  had  an  opportunity  of  reading  it  carefully.  In 
general,  I  agree  with  him.  There  is,  however,  one 
question  1  should  like  to  ask  him.  I  have  always 
been  an  advocate  of  the  lower-candle-power  lamp  — 
that  is,  the  lamp  lower  than  i6-cp  —  because  I  think 
we  are  coming  to  the  time  when,  as  Mr.  Willcox  has 
said,  the  8-cp  lamp  will  be  the  standard  in.  this  country ; 
but   I  was  surprised  at  the  diagram  on  page  1 1 2  and  also 
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at  the  table  on  page  1 1 3  of  this  report.  While  I  knew 
that  the  cost  of  renewals  per  kw-hour  of  the  8-cp 
lamp  was  more  than  that  of  the  i6-cp  lamp,  I  had 
never  realized  that  it  was  so  much  as  it  is  represented 
in  this  paper.  In  the  curve  on  page  112,  giving  cost 
of  renewals  per  kw-hour,  the  i6-cp  lamp  is  shown 
at  three-quarters  of  a  cent,  whereas  the  cost  of  renewals 
of  the  8-cp  lamp,  of  similar  efficiency,  is  shown  as  two 
and  a  quarter  cents  per  kw-hour.  These  figures  are 
startling;  one  is  practically  three  times  the  other.  I 
want  to  ask  Mr.  Willcox  if  these  curves  and  tables 
are  fair;  that  is,  whether  the  8-cp  lamp  has  had  the 
same  experience  and  ability  expended  upon  its  develop- 
ment as  has  the  i6-cp  lamp  of  the  efficiency  of  3.1 
watts,  and  whether  if  more  time,  more  energy  and 
more  ability  were  expended  in  developing  an  8-cp 
lamp  of  3. 1  -watt  efficiency  to  a  higher  performance,  we 
should  not  reach  a  better  comparison  of  the  two  lamps 
than  is  shown  by  the  diagrams. 

Mr.  Williams:  I  would  ask  how  Mr.  Willcox 
reaches  the  result  of  such  a  tremendous  disproportion 
in  the  cost  between  the  8-cp  and  the  i6-cp  lamps. 
We  understand  that  a  commercial  8-cp  lamp  requires 
six-tenths  the  energy  required  by  16  candles,  and  gives* 
half  the  light ;  of  course  the  returns  are  reduced  in 
that  proportion,  while  the  lamp  cost  is  practically  the 
same.  Yet  I  fail  to  see  how  Mr.  Willcox  finds  the 
lamp  costs  to  increase  four  times. 

While  greatly  interested  in  all  the  papers  presented 
on  the  subject,  and  especially  in  the  array  of  technical 
information  in  the  paper  of  Mr.  Willcox,  I  think  the 
commercial  problems  of  central-station  management 
are  perhaps  more  fully  covered  in  the  excellent  paper 
of  Mr.  Marsh.  It  would  seem  that  the  object  of  the 
central-station   manager   should  be  to  get  just  as  much 
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light  —  just  as  many  units  of  light  —  from  his  lamps  as 
it  is  commercially  possible  for  him  to  get,  and  to  give 
to  the  public  for  the  money  it  pays  as  much  light  as 
it  is  possible  to  give.  That  has  been  the  policy  of  our 
company  in  New  York,  using  only  lamps  of  the 
highest  commercial  efficiency,  and  it  has  been  an  un- 
qualified success.  We  have  applied  the  same  policy  in 
small  places,  so  the  comparison  is  not  only  with  a 
large  company,  and  the  relative  results  have  been 
equally  good.  A  low-efficiency  lamp  in  the  public 
service  is  a  snare  and  a  delusion,  and,  apart  from  the 
illusion  of  an  increased  revenue,  is  to  be  used  only  to 
cover  up  inefficient  management  and  poor  regulation. 
In  New  York,  the  ownership  of  lamps,  with  free 
renewals,  is  confined  to  the  company,  except  in  the 
theatres  and  where  we  have  to  compete  with  private 
plants,  where  comparisons  are  made  on  the  basis  of 
plant  costs  and  Edison  prices.  The  reduction  offsetting 
the  lamp  supply  is  one  cent  per  kilowatt  hour.  To 
prevent  our  larger  customers  from  purchasing  lamps 
that  are  surely  of  low  efficiency,  resulting  in  greatly 
increased  bills  and  dissatisfaction,  we  sell  them  our 
** area-tested"  Edison  lamps  at  less  than  cost;  and  we 
have  been  more  than  satisfied  with  the  result.  There 
are  examples  where  the  increase  in  the  current  con- 
sumed by  other  than  our  lamps  has  increased  our  cus- 
tomers' bills  as  much  as  30  per  cent.  Less  percent- 
age often  means  the  difference  between  private-plant 
and  central-station  service. 

I  do  not  accept  the  suggestion  that  the  standards 
of  light  are  going  downward.  Eight-candle  lamps  for 
sign  lighting  are  very  satisfactory ;  but  in  general  illu- 
mination the  desire  and  tendency  is  to  go  to  higher  units; 
exemplified  by  the  higher  standards  of  the  Welsbach 
lamps,  so  successfully  adopted  by  the  gas  people.     Our 
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aim   should   be  a  more    brilliant   unit,  a   whiter   light, 
approaching  more  nearly  the  light  of  the  Nernst  lamp. 

Mr.  Marsh  :  I  think  that  what  we  all  want  are 
the  real  facts  as  to  what  lamp  will  give  the  best 
results  under  varying  conditions,  and  I  therefore  hardly 
agree  with  Mr.  Willcox  in  some  of  his  statements. 
The  manufacturer  will  prejudice  his  whole  case  if  he 
deals  in  exaggerations,  therefore  we  should  all  be 
careful  to  avoid  absurdities.  On  page  93  Mr. 
Willcox  says :  **  Looking  at  the  question,  therefore, 
from  the  operating-cost  standpoint,  the  logic  of  the 
situation  points  to  the  use  of  the  lamp  that  costs  the 
least  for  renewals,  that  is,  the  extreme  of  low-eflSciency 
lamps,  the  limit  of  which  would  be  a  lamp  that  never 
burned  out."  I  am  afraid  the  central-station  man 
might  say  in  such  a  case  that  the  converse  of  Mr. 
Willcox's  statement  was  true,  and  that  if  his  argument 
as  to  using  high-efficiency  lamps  were  correct,  we 
ought  to  have  a  lamp  that  would  bum  out  as  soon  as 
put  in  circuit.  On  page  102,  about  the  middle  of 
the  third  paragraph,  Mr.  Willcox  says :  **  Such  con- 
sumers, moreover,  are  more  or  less  unprofitable  to  the 
station,  and  it  would  therefore  be  unwise  for  the 
station  to  increase  its  costs  for  such  business  by  adopt- 
ing a  very  high-efficiency  lamp."  I  take  it  that  just  the 
opposite  might  sometimes  be  true.  If  my  memory  is 
correct,  our  worthy  president  presented  a  case  last  year 
in  the  discuSvSion  of  a  church  that  was  lighted  only 
once  a  year.  If  we  were  obliged  to  light  a  church 
like  that,  it  would  be  better  to  put  in  2.5-watt  lamps, 
and  not  three-watt,  or  even  four-watt,  for  we  should 
want  the  amount  of  machinery  employed  in  such  light- 
ing the  minimum  amount,  not  the  maximum. 

Mr.  Kelsch  (Montreal)  :  I  should  like  to  ask  Mr. 
Ferguson  if  he  finds  it  profitable  to  use  3.1 -watt  lamps 
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on  the  alternating-current  system.  I  understand  that 
he  is  using  3.1 -watt  lamps  on  the  direct-current  system, 
but  he  has  a  large  alternating  system  as  well,  and  I 
believe  his  company  is  using  3.5-watt  lamps  in  the 
greater  portion  of  it. 

Mr.  Ferguson:  We  are  using  the  3.1 -watt  lamp 
in  one  district  of  the  company ;  not  using  it  in  general, 
but  in  one  district,  where  the  regulation  is  good,  we 
are  using  the  3.1 -watt  lamp. 

Mr.  Marsh  :  There  is  one  more  point  1  should 
like  to  bring  up :  what  Mr.  Van  Ness  has  judged 
would  be  greatly  enhanced  if  the  lampmaker  were 
doing  what  he  should.  Unfortunately,  I  am  a  lamp- 
maker.  Mr.  Van  Ness'  argument  would  be  stronger 
if  the  lampmaker  had  met  theoretical  conditions.  He 
has  been  devoting  so  much  time  to  the  3.1 -watt  lamp 
that  he  does  not  produce  as  good  a  3.5-watt  or  four- 
watt  lamp  as  is  possible.  If  he  did,  it  would  have 
twice  as  long  a  life  before  it  dropped  20  per  cent 
from  its  initial  candle-power  as  a  3.1 -watt  lamp  now 
has.  Theoretically,  the  four-watt  lamp  should  be  about 
four  times  as  long-lived  as  a  3.1 -watt  lamp.  This 
would,  however,  necessitate  a  larger  bulb,  as  a  heavy 
percentage  of  the  drop  in  candle-power  is  due  to  black- 
ening of  the  bulb.  The  larger  the  bulb,  the  thinner 
the  coat  of  blackening,  and  consequently  the  less  such 
blackening  would  obstruct  the  light. 

The  President  :  I  do  not  know  exactly  how  to 
close  this  discussion.  It  would  hardly  be  fair  to  let 
the  man  who  read  the  last  paper  have  the  last  word 
on  the  floor;  and,  if  you  agree  to  it,  I  will  call  on 
the  readers  of  the  papers  to  close  the  discussion  in 
the  reverse  order  from  that  in  which  the  papers  have 
been  read.  Has  Mr.  Marsh  anything  to  say  in  clos- 
ing his  discussion  ? 
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Mr.  Marsh  :  I  have  nothing  more  to  say,  Mr. 
President. 

Mr.  Willcox  :  First,  answering  the  questions  raised: 
In  reply  to  Mr.  Ferguson's  question  as  to  whether 
with  equal  efforts  expended  upon  the  8-cp  lamp  as  on 
the  i6-cp  lamp  we  should  not  get  better  results,  I 
will  say  I  think  we  should.  The  manufacturer  ex- 
pends his  best  ability  on  the  lamp  for  which  there  is 
the  greatest  call,  and  the  greatest  call  has  been  for 
the  i6-cp,  3. 1 -watt  lamp,  which  is  most  generally  used. 
With  the  increase  in  demand  for  the  low-candle- 
power  units,  there  has  been  a  decided  improvement 
therein.  It  is  not  too  much  to  say  that  the  improve- 
ment in  the  low-candle-power  lamps  has  been  60.  to 
80  per  cent  as  the  result  of  an  increased  demand, 
and  we  can  reasonably  expect  still  further  improve- 
ment. I  do  not  think  we  can  expect  that  they  will 
be  improved  to  a  point  of  equal  quality  with  the  16- 
cp  lamp,  because  of  the  mechanical  difficulties  with 
the  very  small,  thin  filament  required  for  the  low- 
candle-power  lamps. 

As  to  the  difference  in  cost  of  the  8-cp  and  the 
i6-cp  lamps,  the  cost  per  kw-hour  is  figured  out  as 
the  cost  of  the  lamp  (17  cents)  divided  by  the  kw- 
hours  consumed  in  service.  In  the  case  of  the  i6-cp 
lamp,  of  3.1  watts  per  candle,  the  useful  life  is  470 
hours.  This  figures  out  17  cents  divided  by  23.5  kw- 
hours,  or  .72  cent.  Now,  in  the  case  of  the  8-cp 
lamp  we  pay  the  same  money — 17  cents.  This  lamp, 
however,  has  only  300  hours  of  useful  life  and  con- 
sumes but  24.8  watts;  hence  we  have  17  cents  divided 
by  7.44  kw-hours,  or  2.28  cents.  The  kw-hour  renewal 
cost  for  the  8-cp  lamp  is  therefore  three  times  what  it 
is  for  the  i6-cp  lamp  of  the  same  efficiency. 

As  to  the  question  of  3.1 -watt  lamps  on  alternating 
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currents,  I  can  refer  to  a  number  of  stations:  for  ex- 
ample, Hartford,  Conn.,  where  they  have  used  a  3.1- 
watt  lamp  for  a  number  of  years  on  the  alternating 
current,  and  have  recently  asked  if  they  can  not  ob- 
tain a  higher  efficiency  than  3.1  watts,  claiming  that 
the  latter  gives  too  long  a  life. 

As  to  the  differences  between  lamps  of  various 
efficiencies — 3.1,  3.5  and  four  watts — these  differences, 
it  should  be  explained,  are  largely  due  to  the  use  of 
one  size  of  bulb.  The  manufacturer  does  not  make 
any  difference  in  the  size  of  the  bulb  for  the  3.1 -watt 
lamp  and  the  four-watt  lamp,  although  more  energy  is 
dissipated  by  the  latter.  The  theoretical  values  men- 
tioned by  Mr.  Marsh  can  only  be  obtained  by  ex- 
perimental determinations.  The  factors  mentioned  have 
lately  been  changed,  as  the  result  of  recent  tests,  so 
that  the  differences  between  a  3.1 -watt  and  a  four-watt 
lamp  are  not  so  great  as  Mr.   Marsh  has  stated. 

Briefly  nlnning  through  the  papers  preceding  my 
own,  I  wfll  call  attention  to  several  points.  Mr. 
Doherty  says  that  the  central-station  point  of  view,  in 
considering  this  subject,  should  be  the  cost  to  the 
station  of  supply  of  current.  He  deals  in  this  way 
with  the  cost  of  lamp  renewals :  **  My  own  views  are 
that  the  efficiency  of  the  lamp,  assuming  that  we  are 
using  as  a  standard  a  lamp  of  16  candle  power, 
should  be  placed  at  that  point  where  cost  to  the 
central  station  for  supply  of  current  just  balances  the 
cost  of  lamp  renewals ;  and  that  when  this  point  has 
been  determined  for  a  i6-cp  lamp,  then  all  the  other- 
sized  lamps  should  have  an  efficiency  that  would  bring 
the  cost  of  lamp  renewals  to  the  same  point  per  kw- 
hour  consumed."  His  position  would  be  true  for 
an  isolated  plant,  or  for  a  central  station  selling  cur- 
rent   to    itself.     The    company    could    then    afford    to 
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supply  a  lamp  that  would  make  the  cost  to  the 
station  the  minimum  for  that  service ;  but  when 
selling  current  to  the  public  the  customer  is  paying 
for  it  seven,  eight  or  lo  cents  per  kw-hour,  and  you 
will  run  up  bills  on  the  customer  where  the  station 
at  its  low  cost  would  not  feel  it.  If  the  customer 
paid  the  same  low  rate  as  the  station,  you  could  not 
quarrel  with  this  point  of  view.  His  position  is  to 
have  the  efficiency  for  lower  units  such  as  will  bring 
the  cost  of  lamp  renewals  to  th^  same  point  per  kw- 
hour  consumed  as  with  the  i6-cp  lamp.  With  a  4- 
watt,  i6-cp  lamp,  this  would  call  for  about  a  5-watt, 
lo-cp  or  a  6-watt,  8-cp  lamp;  which  are  entirely  too 
low,  and  are  not  available.  On  page  ']']  he  says: 
**The  only  cost  1  see  to  the  electric  company  in 
using  lower-efficiency  lamps  would  be  boiler  fuel  and 
boiler-room  labor,  and  costs  incidental  to  a  larger 
equipment."  In  my  opinion,  these  points  have  nothing 
to  do  with  the  case  when  light  is  sold  by  the  kw- 
hour  ;  you  are  not  selling  it  by  the  lamp-hour,  but 
by  the  kw-hour.  You  are  selling  so  many  kw-hours 
on  10  or  on  15  lamps,  and  it  makes  no  diffeionce, 
except  in  cost  of  lamp  renewals,  which  we  take.  You 
go  to  market  with  a  greater  or  less  number  of  units 
of  the  same  total  value  in  which  you  dispose  of  your 
product. 

Mr.  Doane's  reasoning  on  page  78  is  very 
curious.  On  this  basis,  each  station  ought  to  start 
with  a  given  amount  of  apparatus,  and  use  the 
five-watt  lamp  until  it  has  obtained  a  good  load,  when 
it  should  change  to  the  four-watt  lamp,  and  then  later 
change  to  a  three-watt  lamp,  and  so  on,  through  the 
scale.  Should  business  grow  beyond  this,  they  would 
have  to  increase  the  apparatus  in  the  end.  He  says 
that   a   station    manager   made   the  statement  that  ''  he 
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was  prepared  to  burn  3.1 -watt  lamps  as  soon  as  his 
increasing  load  —  increase  that  he  could  not  avoid  — 
overloaded  his  apparatus  dangerously/*  I  would  ask  if 
increase  in  the  business  of  a  station  is  to  be  avoided  ? 
I  think  not. 

On  page  80,  in  Mr.  \^an  Ness  paper,  dealing 
with  the  question  of  the  most  desirable  efficiency  of 
the  lamp,  he  states  as  the  third  factor  that  the  invest- 
ment per  kilowatt  of  his  station  is  the  basis.  1  do 
not  see  this.  When  the  station  is  selling  light  by  the 
kw-hour,  the  investment  per  kilowatt  capacity  has  noth- 
ing to  do  with  the  matter.  I  do  not  know  what  Mr. 
Van  Ness  means  by  there  being  a  difference  of  opinion 
among  lampmakers  regarding  the  performance  of  lamps 
on  varying  regulation.  Manufacturers  are  agreed,  I 
think,  that  a  given  percentage  of  increase  in  pressure 
means  a  certain  given  percentage  of  loss  of  life  and 
candle-power.  On  page  82,  under  the  head  '*  Invest- 
ment per  Kilowatt  Capacity,"  the  lamp-basis  argument 
again  appears.  The  idea  seems  to  be  that  you  must 
sell  the  same  number  of  lamps  and  increase  the  station 
capacity.  This  is  really  no  part  of  the  question,  as  we 
are  not  selling  current  by  /amp-hour,  but  by  >6zt^-hour. 
On  page  83  Mr.  Van  Ness  says :  **  It  will  be  seen 
by  inspection  that  we  can  much  better  afford  to 
increase  our  investment  for  liberal  users  of  light  than 
we  can  for  consumers  using  their  lamps  but  a  short 
time."  This  may  be  true,  but  the  liberal  user  of  light 
is  the  most  difficult  one  to  hold  with  a  low-efficiency 
lamp.  In  my  opinion  you  must  use  a  high-efficiency 
lamp  to  give  satisfactory  long-hour  use.  On  page  84, 
in  speaking  of  changing  from  3.1  to  3.5-watts,  it  is 
stated  that  this  would  have  little  effect  on  the  con- 
sumer, and  that  results  can  be  better  obtained  by 
reduction    in    the    rate.      I    think    this    is    begging   the 
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question.  So  long  as  the  consumer  gets  the  result,  it 
makes  no  difference  whether  it  is  by  reduction  in  rate 
or  reduction  in  power  taken  by  the  lamp.  I  do  not 
think  you  can  secure  much  credit  by  a  rate  reduction 
of  lo  per  cent  if  you  raise  the  bills  three  per  cent. 
If  you  adopt  a  low-efficiency  lamp,  you  must  adopt  a 
correspondingly  low  rate  to  the  consumer;  you  must 
make  an  effort  to  make  the  cost  to  him  the  same. 

In  the  second  paragraph  on  page  84  we  find  this: 
**  It  is  true  that  we  might  take  on  more  business  by 
using  a  more  efficient  lamp,  but  we  ought  to  derive 
considerable  benefit  to  repay  us  for  doing  more  busi- 
ness for  a  less  net  profit."  This  should  be,  I  think, 
less  per  cent^  net  profit,  which  is  a  materially  different 
thing.  On  page  84  also :  *'  It  is  evident  that  we  should 
consider  the  charge  to  the  consumer  for  each  specific 
case,  but  for  the  sake  of  simplicity  we  will  eliminate 
it  by  assuming  that  we  will  give  a  discount  that  wnll 
exactly  balance  the  increase  in  the  bills  that  would 
result  if  we  substituted  a  lower-efficiency  lamp  for 
those  in  service."  This  is  saving  at  the  spigot  and 
wasting  at  the  bung.  On  page  87  he  says:  ** Com- 
paring the  sum  of  these  quantities  for  the  several 
lamps,  we  can  see  the  effect  of  using  the  different 
efficiencies  if  we  ignore  the  effect  on  the  consumers." 
That  is  the  very  thing  you  cannot  afford  to  do ;  you 
cannot  ignore  the  consumer.  Again,  it  is  stated 
that  it  may  be  good  policy  to  use  a  low-efficiency 
lamp  and  make  a  reduction  in  rates.  This  question  is 
covered  in  my  paper,  on  page  94,  where  I  show  that 
you  have  to  make  a  considerable  reduction  in  rates  to 
offset  saving.  You  save  one-sixth  and  pay  out  five- 
sixths.  Then,  on  page  88  we  find  :  '*  While  we  may 
not  actually  reduce  rates,  we  may  derive  some  benefit 
from  the   fact   that  the  rate    per   kw-hour  has  been  re- 
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duceA*'  Hardly ;  since  you  arc  cutting  down  the  rate 
and  increasing  the  power  consumption  of  your  lamp, 
so  that  the  cost  to  the  consumer  is  still  the  same. 
If  improved  lamps  are  made — if  some  one  comes  out 
with  a  better  efficiency  lamp  that  gives  equal  life — 
you  are  up  against  it.  A  station  manager  recently 
told  me  that  he  would  adopt  a  lower-efficiency  lamp 
and  reduce  rates,  were  he  not  afraid  that  some  one 
might  come  along  with  a  higher-efficiency  lamp  and 
cut  into  his  income.  Mr.  Van  Ness  figure  for  the 
average  life  of  the  3.1 -watt  lamp — 550  hours — is  not 
correct ;  it  is  over  700  hours.  His  final  conclusion  is : 
**  I  think  if  more  of  us  did  our  own  calculating,  we 
should  be  using  more  low-efficiency  lamps  and  giving 
a  more  uniform  and  satisfactory  service."  I  think  a 
great,  big  question  mark  should  be  put  after  that 
•  statement ;  it  is  certainly  not  an  evident  conclusion 
from  his  paper.  The  last  paragraph  of  Mr.  Van 
Ness'  paper  says:  ** There  are  stations  in  which  3.1 -watt 
lamps  can  be  used  to  advantage,  but  the  use  of  the  3.1- 
lamp  has  been  forced  beyond  the  point  that  would  be 
determined  by  true  economy  and  satisfactory  service.** 
I  cannot  agree  with  this.  On  the  contrary,  we  have 
not  gone  far  enough,  and  I  think  the  tendency  is 
stronger  to-day  than  ever  before  that  we  should  go 
even  higher  than  3.  i   watts. 

Mr.  Van  Nkss:  I  do  not  intend  to  question 
many  of  the  statements  in  these  papers,  but  1  will 
say  a  few  words  about  some  remarks  upon  my  own 
paper.  Referring  to  the  statement  in  my  paper  that 
if  more  of  us  did  our  own  calculating  we  should  be 
using  more  low-efficiency  lamps,  I  am  surer  than  ever 
on  that  point,  because  I  believe  it  has  been  demon- 
strated in  this  discussion.  A  great  deal  has  escaped 
Mr.   Willcox    with    the    others.      As   to    the    matter   of 
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life  which  he  assumes — it  is  merely  a  matter  of 
assumption — you  will  find  that  the  life  I  assume  for 
each  lamp  corresponds,  and  bears  the  same  relation, 
to  the  others  as  does  the  life  he  assumes.  It  is 
merely  a  percentage  to  be  added  or  deducted,  as  the 
case  may  be.  It  depends  upon  the  regulation  you 
have  in  your  station.  On  page  93  Mr.  Willcox 
says :  **  Electric  light,  however,  is  not  sold  by  the 
lamp-hour,  but  by  the  kw-hour.  This  makes  a 
material  difference  in  results.  The  efficiency  of  the 
lamp  now  affects  the  cost  to  the  consumer  as  well  as 
to  the  station.  The  use  of  a  low-efficiency  lamp 
decreases  the  cost  to  the  station  (by  reduction  in 
lamp  renewals),  but  it  increases  the  cost  to  the  con- 
sunier.  With  a  high-efficiency  lamp  the  case  is 
reversed ;  the  station  cost  is  increased  and  the  con- 
sumer's cost  is  reduced."  How  he  can  figure  which  is 
the  correct  efficiency  by  allowing  both  of  these  vari- 
ables to  vary  at  the  same  time,  is  beyond  me.  He 
assumes  that  both  vary,  and  picks  out  some  place 
where  the  total  cost  is  lowest.  I  say  we  will  eliminate 
one  variable  by  assuming  that  we  will  allow  a  dis- 
count to  the  consumer  that  will  give  him  the  same 
light  for  the  same  money,  then  we  will  calculate  our 
costs ;  if  they  are  less  for  some  lower-efficiency  lamp 
than  for  renewals,  then  it  is  to  our  advantage  to  use 
the  lower  efficiency.  For  the  3.1 -watt  lamp  we  may 
eliminate  one  variable,  but  cannot  eliminate  the  other. 
If  we  determine  the  cost  to  us  of  interest,  depreciation 
and  tax  on  additional  equipment  necessary  to  go  to 
lower  efficiency,  the  cost  of  additional  current  neces- 
sary to  supply  lower-efficiency  lamps,  the  cost  of 
renewals  for  lower-efficiency  lamps,  and  the  sum  of 
these  costs  is  less  than  the  cost  of  3.1 -watt  lamp 
renewals,  is  it  not   a  good    business  proposition  to  use 
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lower-efficiency  lamps?  On  page  94  Mr.  Willcox 
says :  **  Low  rates,  however,  do  not  give  these  results 
unless  they  secure  low  costs  to  consumers.  This 
argument,  therefore,  is  a  fallacy,  since  the  slight 
decrease  in  rates  rendered  possible  by  the  reduction  in 
the  cost  of  the  station  supply  with  a  low-efficiency 
lamp  will  not  suffice  to  reduce  the  cost  to  the  con- 
sumer, because  of  the  increased  power  to  be  paid  for." 
I  do  not  think  the  argument  is  a  fallacy,  but  I  think 
Mr.  Willcox  makes  a  mistake  in  ignoring  one  of  the 
items  that  regulate  the  matter ;  one  of  the  items  of 
prime  importance.  That  same  assumption  comes  in. 
We  will  assume  that  we  eliminate  the  cost  to  the 
consumer  by  giving  him  a  discount.  Then  if  we  give 
him  the  same  light  for  the  same  money  and  we  can 
get  it  ourselves  for  less  money,  is  it  not  a  good 
proposition  for  us  to  use  lower-efficiency  lamps  ?  "  It 
may  require  more  kw-hours,  but  we  are  not  interested 
in  that  so  long  as  we  sell  the  same  light,  get  the 
same  money  for  it  and  it  costs  us  less  to  produce. 

On  page  94  Mr.  Willcox  says:  **On  a  lo-cent 
rate  this  requires  a  reduction  of  nearly  three  cents, 
which  means  that  the  rate  reduction  must  be  six 
times  the  saving  to  the  station."  That  may  be  true, 
but  I  should  like  to  call  your  attention  to  the  curve 
on  page  86  illustrating  table  on  page  85.  Mr.  Will- 
cox figures  that  if  we  go  to  a  lower-efficiency  lamp 
we  shall  have  to  give  the  consumer  a  discount  three 
times  the  decrease  in  cost  to  the  station.  We  will  say 
that  the  lamps  are  burning  60  kilowatts  per  lamp  per 
year ;  that  is  about  three  hours  service  per  day.  We 
will  figure  boiler  fuel  and  boiler-room  labor  cost  as 
one  cent,  and  if  you  use  3.1 -watt  lamps  your  cost  will 
be  100  per  cent,  which  represents  renewal  cost  of  the 
3. 1 -watt    lamp.     These    black    curves    show    the    total 
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increased  cost  if  we  go  to  lower-efficiency  lamps.  The 
outermost  curve  applies  to  a  four-watt  lamp  with  one 
cent  per  kw-hour  fuel  cost.  The  three  lower  curves 
represent  3.5-watt  lamps.  If  we  take  the  60-kw  con- 
sumption and  go  up,  we  cross  the  3.5-watt  lamp,  one- 
cent  fuel-cost  curve  first.  We  cross  that  at  80  per 
cent  of  the  cost  of  the  3.1 -watt  lamp  renewals.  That 
is  to  say,  if  we  had  3.5-watt  lamps  on  that  station, 
burning  60  kilowatts  per  lamp  per  year,  with  fuel 
cost  one  cent  per  kw-hour,  it  would  cost  us  80  per 
cent  of  the  cost  of  the  3.1 -lamp  renewals  to  increase 
the  capacity,  pay  interest  and  depreciation  on  it,  and 
furnish  extra  current  for  the  3.5-watt  lamp.  What 
discount  do  we  give  the  consumer?  It  is  12.9 — say 
13 — per  cent,  which  means  13  per  cent  with  a  de- 
creased cost  to  the  station  of  20  per  cent.  If  you 
have  a  greater  consumption  per  lamp  per  year,  the  in- 
crease in  total  cost  is  greater  while  the  discount  to  the 
consumer  is  the  same,  therefore  the  advantage  of  the 
lower-efficiency  lamp  is  still  greater. 

If  the  lamp  is  burned  but  one  hour  per  day,  or 
consumes  about  20  kw-hours  per  lamp  per  year,  the 
total  cost  of  using  3.5-watt  lamps  with  a  one-cent  fuel 
cost  is  115  per  cent  of  the  cost  of  renewals  of  3.1- 
watt  lamps.  As  the  consumption  per  lamp  per  year 
decreases,  the  total  cost  for  low-efficiency  lamps  in- 
creases ;  and  for  a  one-cent  fuel  cost  and  consumption 
of  10  kw-hours  per  lamp  per  year,  the  cost  of  using 
3.5-watt  lamps  is  about  165  per  cent  of  the  cost  of 
3. 1 -watt  lamp  renewals,  and  the  cost  to  use  four-watt 
lamps  is  nearly  three  times  the  cost  of  3.  i-watt  lamp 
renewals. 

I  can  not  see  why  Mr.  Willcox  wants  to  put  a  four- 
watt  lamp  on  a  church  that  lights  its  lamps  but  once 
a  year.     It  seems  to  me  that  he  should   put   the   four- 
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time.  Assuming  one-cent  fuel  cost,  and  lamp  burning 
eight  hours  a  day  (i6o  kw-hours  per  lamp  per  year),  a 
four-watt  lamp  would  bring  us  to  a  cost  of  68  per 
cent  of  the  cost  of  renewals  for  the  3.1 -watt  lamp.  In 
the  case  of  the  3.5-watt  lamp  the  total  cost  is  a  little 
higher  —  about  70  per  cent  of  the  cost  of  3.1 -watt 
lamp  renewals.  In  my  judgment,  the  longer  a  man 
bums  his  lamps,  the  lower  efficiency  lamps  we  can  give 
and  allow  a  discount  that  will  sell  him  the  same  light 
for  the  same  money.  That  is  the  basis  on  which  the 
curve  is  calculated  :  give  the  consumer  the  same  light 
for  the  same  money,  in  order  to  eliminate  one  variable 
and  control  the  other. 

There  is  one  sentence  on  page  96  of  Mr.  Willcox* 
paper  to  which  I  call  attention,  where  he  says  that  it 
is  generally  best  to  keep  rates  as  high  as  possible  and 
secure  reduction  through  the  use  of  the  most  efficient 
devices.  Why  Mr.  Willcox  says  this,  I  can  not  under- 
stand. It  seems  to  me  that  the  higher  we  have  the 
rates,  the  more  attractive  our  plant  becomes  for  muni- 
cipal ownership  agitation,  or  attack  by  competing  con 
cerns.  On  page  97,  the  last  paragraph,  he  says : 
**  With  the  accepted  basis  of  sale  of  light  by  the  kw- 
hour,  it  is  plain,  as  I  have  already  stated,  that  the 
efficiency  of  lamp  used  makes  practically  no  difference 
in  the  economy  of  operating  and  service  except  in  the 
matter  of  lamo  renewals."  Now,  that  is  a  little  too 
deep  for  me.  If  we  change  from  3.1 -watt  to  3.5-watt 
lamps,  we  shall  have  to  increase  the  capacity  at  the 
station  12.9  per  cent,  and  I  think  we  shall  have  to 
pay  the  same  interest  and  depreciation  on  the  increased 
capacity  that  we  pay  on  the  other.  It  may  not  cost 
as  much  as  the  original  did,  but  we  shall  have  to  pay 
some  interest  and  depreciation,    and    we    shall    have    to 
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supply  12.9  per  cent  more  current  to  furnish  the  same 
light  in  a  3.5-watt  lamp.  That  is  all  granted  in  the 
calculation  of  the  curves.  I  think  all  the  other 
questions  have  been  answered. 

(Mr.  Ferguson  in  the  chair.) 

Mr.  Doherty  :  I  am  glad  now  that  I  made  a 
short  contribution  to  this  subject,  because  it  gives  me 
an  opportunity  to  reply  to  some  of  the  arguments 
that  have  been  presented  in  favor  of  a  high-efficiency 
lamp.  Mr.  Van  Ness  states  in  his  paper  that  it 
would  be  better  for  some  of  the  central-station 
men  to  do  their  own  figuring  on  the  cost  of  lamp 
renewals.  1  agree  with  him.  It  is  evident  that  few 
of  the  men  in  this  room  have  stopped  to  figure  out 
the  cost  of  lamp  renewals  for  different  sizes  of  lamps. 
They  have  been  figured  out  by  the  lamp  salesmen, 
and  we  take  the  lamp  recommended  and  the  result  is 
that  the  cost  on  low-candle-power  lamps  is  high.  I 
think  Mr.  Willcox  will  bear  me  out  in  saying  that 
no  published  statements  had  been  made  concerning 
the  efficiency  of  lamps  that  would  bring  the  same 
cost  per  kw-hour,  until  I  wrote  him  for  data  that 
would  enable  me  to  compute  the  efficiency  for  differ- 
ent-sized lamps  required  to  bring  my  cost  the  same 
per  kw-hour ;  so  I  think  Mr.  Van  Ness  is  justified  in 
his  statement  that  we  should  do  our  own  figuring.  I 
have  not  had  a  previous  opportunity  of  reading  Mr. 
Willcox*s  paper,  but  I  think  you  can  sum  the  whole 
thing  up  in  a  few  words  in  answer  to  his  28  pages. 
I  can  supply  a  consumer  with  more  light  or  with  the 
same  light  for  less  money  per  hour  with  a  low- 
efficiency  lamp  than  I  can  with  a  high-efficiency  lamp 
If  I  can  supply  a  customer  at  less  cost  per  thousand 
cp-hours  using  a  four-watt  lamp  or  a  3.5-watt  lamp, 
T  can    sell    it    to    the    customer    at    less  cost.     We  are 
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selling  current,  but  the  consumer  is  buying  light.  Mr. 
Willcox  talks  of  selling  current  by  the  kilowatt.  I 
try  to  give  a  thousand  cp-hours  at  the  lowest  possible 
cost,  and  my  cost  is  less  in  those  stations  where  I 
use  what  is  called  a  low-efficiency  lamp  than  it  is  with 
a  high-efficiency  lamp.  At  a  glance,  it  would  seem 
absurd  to  say  that  the  longer  a  man  uses  his  lamps, 
the  lower  the  efficiency  of  the  lamp  should  be ;  and 
yet  that  is  right.  You  have  a  constant  charge  going 
on  for  24  hours  a  day  and  365  days  a  year  for  in- 
terest and  depreciation,  therefore  on  your  short-hour 
users  of  light  you  want  to  keep  down  fixed  charges  ; 
and  your  lower-efficiency  light  increases  the  interest  on 
your  investment  and  increases  your  depreciation.  This 
may  look  contradictory  on  the  face  of  it,  but  if  you 
will  go  home  and  figure  it  out,  I  think  there  will  be 
few  who  will  favor  the  use  of  a  3.1 -watt  lamp  for 
long-hour  consumers. 

Mr.  Willcox  and  all  the  lamp  manufacturers  are 
interested  in  promoting  free  lamp  renewals ;  and  as  a 
central-station  man  I  am  interested  in  it,  and  am  tr)'- 
ing  to  bring  it  about  in  every  central  station  with 
which  I  am  connected.  I  believe  it  is  proper  to  supply 
lamp  renewals  free ;  but  I  can  not  afford  to  spend  .9 
cent  per  kw-hour,  and  that  is  what  the  cost  would  be, 
generally,   for   a   3.1 -watt    lamp    to    supply    free    lamp 

renewals.  By  giving  3.5-watt  lamps  I  am  supplying  the 
customer  with  more  current  and  I  cut  my  lamp  cost 
down  to  .45  cent.  I  have  increased  my  consumption 
only  about  1 3  per  cent  at  a  cost  of  .  1 3  cent ;  but  we 
will  say  .15  or  .20  cent ;  a  clean  gain  of  .45  cent  for  the 
extra  cost  .20  cent,  so  I  am  ahead  a  quarter  of  a  cent. 
There  is  no  central-station  man  who  will  readily  jump 
in  and  spend  .9  cent  per  kw-hour  sold,  to  furnish  his 
customer  with  free  lamp  renewals ;  but  if  you  start  out 
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and  figure  a  lamp  efficiency  that  will  not  give  him  a 
cost  of  more  than  .45  cent  per  kw-hour,  you  can  get 
to  a  point  where  free  lamp  renewals  are  very  desirable. 
A  3. 1 -watt  lamp  will  depreciate  very  rapidly ;  I  do  not 
believe  its  life  on  commercial  circuits,  running  at  high 
voltage,  is  300  hours.  You  say  you  get  750  hours 
with  storage-battery  regulation.  It  is  well  enough  to 
come  to  the  convention  and  talk  about  two-per-cent 
regulation,  but  there  is  no  direct-current  plant  in  this 
country  that  I  know  of,  that  gets  anything  like  a 
two-per-cent  regulation.  I  do  not  think  it  is  possible  to 
have  a  direct-current  plant  with  as  low  regulation  as 
four  per  cent.  I  have  seen  statements  made  regarding 
such  stations,  but  have  never  seen  the  stations.  I  mean 
by  that  that  there  is  some  point  in  the  city  where  the 
voltage  will  vary  more  than  four  per  cent  from  the 
maximum  voltage ;  I  do  not  mean  taking  two  per 
cent  on  each  side.  If  you  run  the  voltage  four  volts 
high,  it  will  take  your  life  down  to  about  300  hours. 
Mr.  Willcox  says  it  is  best  to  keep  rates  as  high 
as  possible.  I  think  that  is  a  very  bad  policy.  When 
you  have  to  meet  competition  they  don*t  talk  the 
efficiency  lamp  you  are  using,  they  talk  the  cost  per 
kw-hour.  When  you  are  charging  14  cents,  and  an 
opposition  party  comes  in  and  proposes  to  sell  at  10 
cents  they  don't  ask  what  efficiency  lamp  he  will  use, 
or  whether  he  will  furnish  free  lamps.  It  is  the  cost 
per  kw-hour  that  I  want  to  get  down,  and  I  want  to 
get  it  down  where  it  will  be  the  same  whether  I  sell 
current  for  lighting  or  for  power.  Assuming  that  the 
life  of  your  lamp  is  300  hours ;  there  are  some  lamps 
in  certain  houses  that  are  burned  twelve  hours — 
throughout  the  night ;  that  means  that  that  particular 
lamp  is  depreciated  beyond  its  useful  life  in  30  days. 
There  is  no  central  station  in  this  country  that  makes 
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periodical  lamp  renewals  ever)'  30  days.  I  do  not 
think  there  is  anv  central  station  that  makes  them 
once  in  three  months.  It  is  not  practicable  to  make 
them  oftener  than  once  in  three  months.  In  the  case  just 
cited  you  will  have  one  or  more  lamps  that  may  go 
below  their  proper  efficiency  in,  perhaps,  10  days  from 
the  time  when  they  are  put  up.  I  want  all  my 
lamps  to  look  about  the  same.  I  am  absolutely  out 
of  accord  with  the  3.1 -watt  lamp  except  in  a  plant 
where  the  cost  of  boiler  fuel  and  other  expenses  for 
the  increased  current  will  amount  to  more  than  the 
cost  of  lamp  renewals.  I  do  not  think  the  3.1-watt  lamp 
is  desirable.  I  do  not  think  a  man  in  this  room  can 
tell  the  difference  between  the  four-watt  lamp  and  the 
3.1-watt  lamp  with  the  naked  eye.  1  do  not  think 
that  the  temperature  of  the  filament  necessarily  affects 
the  quality  of  the  light.  The  Nernst  lamp  has  a 
temperature  of  filament  that  gives  a  white  light,  but 
in  the  Nernst  lamp  a  different  compound  is  used  for 
the  filament  in  place  of  the  carbon. 

Mr.  WiLixox  :  Our  experiments  show  that  it  is 
purely  a  question  of  temperature. 

Mr.  Dohertv  :  I  do  not  agree  with  you  on  that, 
and  I  think  I  can  demonstrate  it.  I  know  that  the 
Welsbach  light  can  be  adjusted  to  give  a  whiter  light, 
and  I  know  it  has  not  so  high  a  filament  temperature 
as  one  of  these  carbon  filaments.  What  the  lamp 
engineer  should  do  is  to  work  toward  obtaining 
selected  rays  that  are  desirable,  and  not  attempt  to 
produce  temperatures  of  filaments  that  destroy  the 
useful  life  of  the  lamp. 

Mr.  WiLiAox  :  I  think  Mr.  Calvin  W.  Rice,  of 
New  York,  can  give  us  some  information  on  this 
subject. 

Mr.   Ruk:     Mr.  Wurts   has  been  working  on  that 
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for  many  years,  and  I  will  give  way  to  him.  The 
question,  Mr.  Wurts,  is  whether  or  not  the  tempera- 
ture of  the  filament  in  the  incandescent  lamp,  3.1- 
watts,  is  higher  than  the  temperature  of  the  Nemst- 
lamp  glower;  and  whether  the  peculiar  light  given  by 
the  Nernst  lamp  is  due  to  the  temperature  or  to 
something  else. 

Mr.  a.  J.  Wurts:  I  think  the  light  is  due  to 
the  material.  1  cannot  prove  this  exactly,  but  that 
has  been  my  impression  all  along.  The  temperature, 
we  know,  is  high — 2,500  degrees  centigrade — but  I 
think  the  material  has  a  great  deal  to  do  with  the 
quality  of  the  light. 

Mr.  Willcox  :  Experiments  made  in  our  labora- 
tory show  that  the  Nernst  filament  operates  at  a  high 
temperature.  Its  material  is  of  a  more  refractory  na- 
ture than  the  carbon  filament,  and  admits  of  a  higher 
temperature  with  the  same  rate  of  depreciation  ;  but  it 
is  its  temperature  alone  that  determines  its  high  radi- 
ating value. 

Mr.  Rice:  The  light  given  by  any  incandescent 
material  is  measured  by  its  emissivity,  or  the  optical 
effect  on  the  retina,  and  that  is  determined  by  the 
length  of  the  light  waves  or  number  of  vibrations  per 
second.  The  number  of  vibrations  per  second  emitted 
varies  with  the  temperature.  The  higher  the  tempera- 
ture, the  whiter  the  light  and  the  better  the  efficiency. 
The  3. 1 -watt  incandescent  lamp  has  as  high  tempera- 
ture as  can  be  maintained  with  a  practical  life.  The 
Nernst  lamp  has  a  higher  temperature  than  the  carbon 
of  the  incandescent  lamp,  therefore  gives  a  whiter 
light  and  is  more  efficient. 

Chairman  Fercujson  :  Does  Mr.  Rice  wish  to 
convey  the  idea  that  the  quality  of  the  light  is  deter- 
mined by  the  temperature,  or  not  ?  You  mean  the 
quality  is  determined  by  the  temperature  ? 
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Mr.  Rick:  I  must  explain  that  my  association 
with  the  Nernst  lamp  company  does  not  exceed  20 
days.  I  am  talking  from  my  understanding  of  the 
pure  physics  of  the  subject  and  that  of  the  number  of 
vibrations  per  second  of  an  incandescent  substance. 
The  Nemst-lamp  filament  —  or  glower,  as  it  is  called 
—  does  actually  have  a  higher  temperature,  producing 
a  light  that  is  whiter.  The  rays  emitted  from  the 
sun  must  be  from  a  substance  of  still  higher  tempera- 
ture. That  is  all  there  is  to  it,  as  I  understand  it.  I 
should  like  Mr.  Wurts  to  explain,  from  a  scientific 
point  of  view,  what  is  the  actual  difference  in  tempera- 
ture, in  degrees  centigrade,  between  the  incandescent 
filament  of  these  lamps  and  the  Nernst  lamps.  If 
Mr.  Willcox  can  answer  the  question,  it  will  solve  the 
whole  subject.  Do  you  know  the  temperature  of  the 
3. 1 -watt  lamp  filament? 

Mr.  Willcox:  It  runs  from  1,300  to  1,800 
degrees  centigrade,  if  I  remember  correctly. 

Mr.  Marsh  :  It  does  not  follow  that  Mr.  Rice*s 
statement  contradicts  Mr.  Wurts  statement ;  they  may 
be  entirely  in  accord.  Mr.  Rice  has  stated  that  the 
nearer  we  approach  the  violet  end  of  the  spectrum, 
the  greater  the  number  of  light  waves.  This  by  no 
means  contradicts  Mr.  Wurts.  The  light  per  unit  of 
surface  given  off  by  the  glower  or  filament  depends 
upon  the  character  of  the  surface.  There  must  of 
necessity  be  some  difference  between  the  emissivity 
of  the  Nemst-lamp  glower  and  the  incandescent-lamp 
filament.  Mr.  Rice's  statement  is  physically  correct ; 
Mr.  Wurts  statement  may  likewise  be  correct  as 
concerns  the  Nernst  glower. 

Mr.  Williams:  May  a  non-technical  man  suggest 
that  the  higher  the  voltage  applied  to  an  incandescent 
lamp,  the  more  brilliant  the  lamp  appears  ? 
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Mr.  Doherty  :  I  do  not  think  that  the  filament 
temperature  is  what  gives  us  the  selected  rays;  it  is^^ 
the  material  and  the  surface  of  the  material.  You 
can  take  any  filament,  and  if  it  has  a  rough  and 
dark  coating  you  will  not  get  a  good  light,  but  if  it 
has  a  smooth  lustre  on  the  surface  you  will  get  a 
good  light.  If  it  has  a  good  finish  and  uniform  cross 
section,  you  can  raise  it  to  an  efficiency  of  one  watt 
per  candle,  and  that  must  bring  it  to  a  higher  tem- 
perature than  the  Nernst  lamp,  and  yet  you  will  not 
get  the  same  white  light  that  you  get  from  the 
Nernst  lamp.  I  am  sure  that  the  whiteness  of  the 
light  does  not  depend  upon  the  filament  temperature, 
and  I  think  Mr.  Wurts  and  Mr.  Rice  will  agree  with 
me.  If  they  do  not,  I  should  be  glad  to  have  them 
correct  my  statement. 

Mr.  Wurts:  I  agree  with  these  remarks  entirely. 
I  have  found  that  a  change  in  the  material  used  in 
the  glower  changes  the  quality  of  this  light,  apparently 
without  any  change  in  temperature ;  and  that  would 
indicate  that  the  material  has  a  great  deal  to  do  with 
the  quality  of  the  light. 

Mr.  Rice:  Mr.  Doherty  is  basing  his  argument 
on  the  cost  per  kw-hour.  I  think  that  affects  every 
one  in  the  room.  He  is  basing  his  argument  particu- 
larly upon  the  average  cost  to  the  average  person 
here.  I  do  hot  think  that  the  average  man  in  this 
room  represents  a  station  that  is  delivering  to  its 
customers  a  kw-hour  for  1.2  cents.  Mr.  Doherty's 
assumption  is  based  on  the  average  man  representing 
a  station  that  supplies  power  to  the  customer ;  I  mean 
the  delivering  cost  ;  the  cost  to  the  company. 

Mr.  Doherty  :  The  cost  of  operation ;  the  cost 
of  maintenance 

Mr.   Rice  :     Total   cost   to   get    the   current  to  the 
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man's  socket ;  all  charges  paid ;  cost  of  delivering  to 
the  consumer.  I  do  not  believe  there  are  lo  men  in 
this  room  who  represent  companies  that  deliver  to 
the  customer  a  kw-hour  for  1.2  cents;  I  think  it  is 
nearer  double  that.  Using  that  as  your  basis  of  cost, 
I  think  the  argument  advanced  by  Mr.  Willcox  will 
sound  more  reasonable. 

Mr.  Dohektv  :  At  first  blush;  but  if  I  increase 
the  consumption  of  my  lamjis,  I  do  not  raise  my 
future  cost  of  office  rent,  executive  salaries,  superin- 
tendence, and  a  hundred  and  one  fixed  costs  that  go 
on  regardless  of  the  amount  of  current  sold.  There 
is  only  one  true  way,  and  that-  is  to  figure  cost  pro- 
portional to  your  increased  output.  It  does  not  cost 
any  more  to  read  a  meter  if  you  have  some  consump- 
tion than  if  you  have  none.  I  think  the  cost  I 
stated  would  be  absurd  for  all  cases.  In  one  station 
with  which  I  am  connected,  my  cost  for  taxes  alone 
are  nearly  a  cent  a  kilowatt — or  were  when  I  first 
took  hold  of  the  station — but  I  am  not  going  to 
raise  my  taxes  by  adopting  this  method.  I  should 
not  raise  them  at  all,  no  matter  how  much  the  ca- 
pacity were  increased,  as  the  taxes  are  assessed  on  the 
value  of  the  stocks  and  bonds.  The  error  that  Mr. 
Willcox  makes  is  that  he  does  not  figure  out  those 
costs  that  are  proportional  to  the  increased  cost.  We 
have  got  to  distinguish  between  costs  that  are  inci- 
dental to  readiness  to  serve  and  costs  incidental  to 
operation.  I  have  to  take  the  cost  to  the  consumer, 
or  cost  per  kw-hour ;  but  we  are  not  particularly  in- 
terested in  that ;  the  matter  of  fixed  charges  is  what 
concerns  us  mostly.  Maybe  they  will  be  half  a  cent 
per  kw-hour.  With  the  constant  operation  of  the 
stations  these  are  not  so  great ;  but  where  we  run  a 
lamp  but    one    hour  in   the    month,  for    example,  they 
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would  be  enormous.  We  are  considering  the  propor- 
tional cost  necessary  to  lower-efficiency  lamps.  I  have 
been  figuring  out  the  matter  for  the  various  plants 
with  which  I  am  connected,  and,  outside  of  one  plant, 
I  do  not  figure  that  we  can  use  the  3.1 -watt  lamp. 

Chairman  Ferguson  :  In  your  remarks,  are  you 
not  thinking  only  of  the  company  you  represent  and 
forgetting  the  poor  customer? 

Mr.   Dohertv  :     No;  I  beg  your  pardon 

Chairman  Ferguson  :  Your  figures  are  based  on 
cost  of  production,  and  not  based  on  the  price  to  the 
customer.  If  you  increase  your  consumption  from 
three  to  four  watts,  you  increase  the  bill  to  the 
customer  thirty-three  and  one-third  per  cent,  while 
you  may  effect  some  saving  in  the  operation  of  the 
plant. 

Mr.  Doherty  :  The  customer  is  buying  light. 
If  it  costs  me  less  per  thousand  cp-hours  to  sell  him 
light  with  a  4-watt  lamp  than  it  costs  me  to  sell  him 
light  with  a  3.1 -watt  lamp,  I  can  sell  at  a  less  price. 
There  is  some  certain  lamp  efficiency  that  gives  me 
the  least  cost  per  thousand  cp-hours.  I  can  generally 
get  the  cost  lower  by  using  a  lower-efficiency  lamp 
than    by  using  a  higher-efficiency  lamp. 

Chairman  Ferguson  :  You  forget  that  the  thing 
the  customer  is  interested  in  is  the  amount  of  monev 
he  has  to  pay ;  not  the  cost  per  kw-hour,  but  the 
total  cost  of  his  electric-light  service.  While  you  may 
be  able  to  sell  the  current  at  nearly  the  same  price 
per  kw-hour,  you  have  at  the  same  time  increased  the 
amount  of  current  necessary  for  the  customer  to  use 
to  get  the  same  electric-light  service,  and  his  bills 
have  therefore  increased  thirty-three  and  one-third  per 
cent  beyond  what  they  were  for  the  high-efficiency 
lamps. 
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Mr.  Doherty  :  I  can  supply  the  consumer  with 
a  thousand  cp-hours  at  a  lower  cost  to  me  with  a 
low-efficiency  lamp  than  I  can  wnth  a  high-efficiency 
lamp.  If  I  can  supply  the  consumer  with  a  thousand 
cp-hours  at  a  lower  cost  to  me  with  a  low-efficiency 
lamp,  I  can  sell  him  illumination  cheaper  than  I  can 
by  using  a  higher-efficiency  lamp.  If  the  customer  is 
getting  the  same  amount  of  illumination  for  less 
money,  he  has  no  kick  coming.  If  I  am  saving 
money  on  operation,  and  can  furnish  him  more  light 
for  less  money  and  still  make  more  profits,  I  have  no 
objection,  and  we  are  both  satisfied. 

Chairman  Ferguson  :  I  do  not  admit  that  you 
can  sell  the  same  number  of  lamp-hours  for  the  same 
money  as  before. 

(Messrs.  Ferguson  and  Doherty  then  drew  diagrams 
on  the  blackboard,  illustrating  their  individual  ideas 
upon  the  question,  and  there  was  a  protracted  dis- 
cussion between  them,  which  was  too  animated  to  be 
recorded  by  a  single  reporter.) 

Mr.  Gilchrist  (Chicago) :  Mr.  Doherty  admits 
that  with  a  lower-efficiency  lamp  the  customer  will 
use  13  per  cent  more  kw-hours  than  with  a  high- 
efficiency  lamp ;  he  also,  as  I  figure,  estimates  that  his 
saving  would  be  approximately  .31  cent  per  kw-hour 
in  his  cost  of  operation.  Now,  if  Mr.  Doherty  is 
w^illing  to  sell  current  to  his  customers  at  so  low  a 
rate  that  .31  cent  per  kw-hour  will  amount  to  over 
13  per  cent  of  it,  it  is  cheaper  for  him  to  use  the  low- 
efficiency  lamps.  That  would  mean  selling  current  to 
his  customers  at  practically  two  cents  per  kw-hour. 

Mr.  DeCamp:  Mr.  Ferguson  admitted  that  the 
figures  presented  by  Mr.  Doherty  were  in  the  main 
correct,  but  contended  that  while  he  was  reducing  the 
cost    to    himself    he    was    increasing    the    bills    to    his 
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customers,  which  every  station  man  is  interested  in 
guarding  against.  Mr.  Doherty's  figures  show  that  in 
one  instance  his  cost  will  be  1.3,  and  in  the  other 
2.2.  If  these  figures  are  correct,  I  think  that  Mr. 
Ferguson  is  wrong  in  his  conclusions.  For  instance, 
if  you  take  the  arbitrary  method  of  doubling  your 
cost  as  your  selling  price,  under  Mr.  Doherty's  figures 
the  customer  would  pay  3.60,  while  in  the  other  case 
he  would  pay  4.40.  Of  course  the  gross  revenue 
would  be  decreased,  but  it  is  a  well-established  fact 
that  any  decrease  in  price  to  the  consumer  will  sooner 
or  later  result  in  an  increase  in  volume  of  net  revenue. 

Mr.  Wili.cox  :  Mr.  Doherty,  in  order  to  make  a 
saving,  has  to  reduce  his  rates  from  eight  cents  to 
seven  cents. 

(The  meeting  then  adjourned.) 


THIRD  SESSION 

The  meeting  was  called  to  order  by  President 
Doherty  at  ten  minutes  after  eight  o'clock,  and  the 
first  business  was  announced  to  be  the  reading  of  a 
paper  by  Mr.  Irvin  Butterworth,  of  Denver,  entitled 
**The  Taking  Care  of  Consumers'  Complaints." 


THE  TAKING   CARE   OF   CONSUMERS'  COM- 
PLAINTS 


The  management  of  the  Denver  Gas  and  Electric 
Company  is  convinced  that  no  time  or  money  is 
spent  to  better  advantage  in  the  conduct  of  a  gas  or 
electric-lighting  business  than  that  devoted  to  the 
giving  of  prompt,  thorough  and  satisfactory  attention 
to  all  complaints  and  requests  received  from  consumers. 
In  the  case  of  a  quasi-public  corporation,  popularity 
is  almost  synonomous  with  prosperity,  and  nothing 
contributes  more  to  the  former  than  the  patient 
hearing  of  customers'  complaints  and  requests,  and 
prompt  and  careful  attention  thereto.  It  is  said  that 
the  Chinese  offer  sacrifices  to  the  Devil  because  the 
Lord  is  already  on  their  side,  and  on  a  similar  theory 
an  hour  spent  in  trying  to  satisfy  one  disgruntled 
consumer  is  a  much  better  use  of  time  than  devoting 
it  to  the  entertainment  of  customers  who  are  already 
friendly.  The  manager  of  a  gas  or  electric-light 
company  must  also  bear  in  mind  the  naturally  hostile 
attitude  of  the  average  citizen  toward  quasi-public 
corporations,  and  nothing  can  so  quickly  establish 
cordial  relations  between  a  company  and  the  com- 
munity as  painstaking  and  courteous  treatment  of 
each  individual  consumer,  however  unreasonable,  or 
however  small  his  consumption.  Each  consumer, 
however  small  or  obscure,  has  a  certain  influence  on 
a  certain  element  in  the  community,  and  to  send  him 
forth  with  a  good  feeling  toward  the  company  and 
talking  well  of  it  among  his  friends,  is  surely  worth 
the  time  and  effort  required  to  put  him  in  this  frame 
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of  mind.  There  is  a  wide  diflference,  measured  in  its 
effect  upon  the  company's  welfare,  between  the 
extremes  of  abuse  and  praise  on  the  part  of  even  its 
humblest  and  most  unreasonable  customer.  The 
greatest  prosperity  and  the  smoothest  sailing  will  be 
found  to  lie  along  the  line  of  best  individual  treatment 
of  customers,  irrespective  of  the  price  and  quality  of 
the  product  supplied,  and  no  manager  should  rest 
easy  so  long  as  he  knows  there  is  a  single  dissatisfied 
customer  on  his  company's  books.  The  writer  recently 
devoted  an  hour  of  his  time,  together  with  that  of 
his  chief  complaint  clerk,  to  satisfying  the  doubts  of 
one  of  our  most  obscure  and  least  influential  cus- 
tomers, whose  bills  did  not  average  one  dollar  per 
month ;  and  we  consider  that  our  time  was  well 
spent. 

In  carrying  out  in  practice  the  foregoing  theory, 
the  Denver  Gas  and  Electric  Company  has  in  opera- 
tion a  very  complete  system  for  receiving,  recording 
and  attending  to  complaints  and  requests  received 
from  its  customers,  which  we  regard  as  one  of  the 
most  important  *'  bureaus "  of  our  office.  It  is  in 
personal  charge  of  what  we  call  our  '*  order  clerk," 
whose  sole  duty  it  is  to  receive  complaints  and 
requests  from  customers  and  have  them  promptly  and 
satisfactorily  attended  to.  He  is  designated  as  ''order 
clerk "  rather  than  complaint  clerk,  and  the  sign 
over  his  window  reads  ''Orders"  rather  than  Com- 
plaints, because,  while  we  encourage  customers  to 
make  their  complaints  known,  we  want  each  one  to 
think  that  his  is  the  only  complaint  made.  It  certainly 
does  not  help  a  company's  reputation  for  careful  and 
accurate  work  and  fair  dealing  to  have  it  known  and 
advertised  that  a  special  department  must  needs  be 
maintained   for  taking  care   of   complaints  ;   nor   does 
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when  he  comes  to  the  office  to  protest,  for  instance, 
against  the  size  of  his  bill  and  finds  that  so  many 
others  are  suffering  from  the  same  injustice  (?)  that 
the  company  has  found  it  necessary  to  establish  a 
separate  department,  with  a  special  corps  of  clerks,  for 
attending  to  them. 

The  consumer,  therefore,  who  appears  at  our  office 
to  enter  a  complaint  or  request,  is  politely  shown  to 
the  "  Order  Window,*'  which  is  conspicuously  labeled 
and  prominently  located.  If  space  would  permit,  the 
order  clerk  would  be  provided  with  a  separate  and 
closed  room  in  which  all  complaining  customers  could 
be  received  and  seated,  and  thus  be  treated  with  a 
degree  of  courtesy  and  consideration  that  would  of 
itself  have  a  mollifying  effect ;  while,  at  the  same 
time,  other  customers  waiting  outside  or  attending  to 
other  business  at  adjacent  windows,  particularly  new 
applicants  for  service,  would  not  overhear  the  making 
of  complaints,  accompanied,  as  they  sometimes  are,  by 
tirades  against  the  company. 

All  complaints  received  at  the  office,  personally, 
or  by  telephone  or  mail,  are  referred  at  once  to  our 
order  clerk,  who  enters  them  in  a  large  book  so  ruled 
as  to  show  the  reference  number  of  the  complaint 
and  date  and  hour  of  its  receipt,  the  name  and  address 
of  complainant,  the  character  of  the  complaint,  the 
name  of  the  employee  sent  to  remedy  it,  the  time 
such  employee  is  sent,  the  time  the  complaint  is 
reported  as  remedied  and  the  work  done  in  remedying 
it.  An  order  is  then  immediately  filled  out,  correspond- 
ing to  the  entries  in  the  book,  and  turned  over  to  the 
shop  force  for  prompt  attention.  In  urgent  cases  the 
complaint  is  telephoned  to  the  shop  for  immediate 
attention,  followed  by  a  confirming  order.      When  the 


workman  has  attended  to  and  remedied  the  complaint, 
and  while  he  is  still  at  the  premises  of  the  complain- 
ant, he  fills  out  the  remaining  blanks  on  the  order, 
showing  the  cause  of  the  trouble,  his  method  of 
remedying  same,  the  date  and  his  own  name,  and 
secures  the  signature,  at  the  bottom  of  the  order,  of 
the  complainant,  or  of  a  responsible  member  of  his 
lamily,  certifying  that  satisfactory  attention  has  been 
given.  The  order  is  then  returned  to  the  order  clerk, 
who  enters  the  facts  on  his  record  book,  above  de- 
scribed.    He  then  fills  out  and  mails  to  the  complainant 

a  return  postal   card,  worded  as   follows :    *'  On 

' ,  1902,  you  reported 

Kindly  fill  out  this  return  postal  card  stating  whether 
the  matter  has  been  attended  to  to  your  entire  satis- 
faction. Your  prompt  reply  will  be  greatly  appre- 
ciated. Very  truly  yours,  The  Denver  Gas  & 
Electric  Co."  The  reference  number  is  put  on  each 
of  these  cards  before  sending  them  out,  in  order  that 
responses  not  signed  may  be  identified,  and  those  that 
are  returned  are  checked  off  on  the  record  book.  Of 
course  many  of  the  cards  are  not  returned,  but  many 
of  them  are ;  and  most  of  these  report  the  trouble  to 
have  been  satisfactorily  remedied,  many  of  them  ex- 
pressing thanks  and  appreciation.  Occasionally  one 
comes  back  with  the  statement  that  the  trouble  still 
exists  or  has  not  been  satisfactorily  attended  to.  In 
such  cases  a  second  order  is  made  out  and  sent  to  the 
shop  for  immediate  attention,  with  proper  caution  to 
the  workman  taking  the  order.  The  returned  postal 
card  is  then  attached  to  the  original  order,  and  after 
the  second  order  comes  back  with  the  notation  that 
the  trouble  has  been  remedied,  the  workman  that 
attended  to  the  original  one  is  called  upon  by  the 
order    clerk    to   explain    his    failure    to   have  properly 
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remedied  the  trouble.  Occasionally  such  derelict 
workman  is  brought  on  the  manager's  carpet  and 
properly  disciplined  for  his  remissness.  In  this  way 
each  man  knows  that  his  work  is  under  the  review 
of  the  management,  and  a  high  degree  of  efficiency 
on  the  part  of  the  workmen  has  thus  been  developed. 
It  is,  of  course,  the  duty  of  the  record  clerk  to  see 
that  a  report  is  turned  in  within  a  reasonable  time 
on  every  order  that  is  sent  out  for  attention. 

The  system  of  entering  in  chronological  and  numeri- 
cal order  the  details  of  each  complaint  and  request, 
and  the  attention  it  receives,  enables  us,  among  other 
things,  to  refute  satisfactorily  such  statements  as  **  I 
telephoned  you  last  month  to  come  out  and  re-read 
my  meter,  but  you  never  did  it ;"  but  the  best  feature 
of  the  system  is  the  sending  of  the  return  postal  card, 
which  almost  invariably  pleases  the  customer  and 
creates  the  desired  impression  in  his  mind  that  the 
company  is,  after  all,  interested  in  giving  him  good 
service  and  values  his  patronage. 

DISCUSSION 

The  President  :  Are  there  any  remarks  on  this 
paper? 

Mr.  Israel  (Philadelphia) :  I  would  ask  if  the 
complaints  are  principally  about  bills,  or  whether  they 
relate  only  to  electrical  work,  like  replacing  fuses  or 
repairing  sockets,  and  work  of  that  kind. 

The  President  :  I  will  reply  by  saying  that  they 
usually  relate  to  unsatisfactory  service  or  to  high  bills, 
and  matters  of  that  kind.  All  these  matters  are 
entered  as  complaints.  If  it  is  a  high  bill,  and  they 
want  the  meter  re-read,  we  read  the  meter  again  and 
notify  the  customer  by  postal  card  of  the  re-reading. 
The  principal  thing  that  it  was  desired  to  bring  out  in 
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tem. We  have  on  our  books  about  thirty-odd  thou- 
sand consumers,  and,  necessarily,  we  have  a  great  many 
men  to  take  care  of  complaints.  The  system  was 
inaugurated  as  much  to  check  the  work  of  these  men 
as  to  satisfy  the  consumer.  The  result  of  the  return- 
postal-card  system  was  most  gratifying,  and  nothing 
we  have  ever  done  has  so  pleased  the  public  and 
brought  us  so  much  commendation  as  this  return- 
postal-card  system,  which  enables  us  to  learn  if  every- 
thing has  been  done  to  the  consumers  satisfaction. 
These  cards  sometimes  come  back  to  us  with  the 
most  profuse  thanks  for  our  attention,  etc.,  etc.  Mr. 
Butterworth,  our  manager,  is  a  very  efficient  man  on 
consumers'  complaints.  He  wrote  the  paper  that  has 
just  been  read  to  let  you  know  how  succes5>ful  we 
had  found  that  system.  The  return-postal-card  system 
is  a  good  thing,  and  worth  adoption. 

Mr.  Israel:  We  have  a  similar  system;  but  what 
we  call  the  Inspector's  Records  relate  only  to  electrical 
work. 

The  President:  We  cannot  record  it  unless  the 
inspector  reports  the  matter  at  the  office  as  he  is 
instructed  to  do ;  and  if  he  fails  three  times  to  report 
a  complaint,  we  discharge  him ;  we  discharge  him  if 
he  fails  to  report  a  complaint  given  him  three  times 
in  one  year. 

Mr.  Israel:  We  have  adopted  a  Consumers' 
Complaint  Form,  and  we  supply  our  outside  men  with 
that  form,  so  that  when  they  receive  a  complaint  of 
unsatisfactory  service  or  of  high  bills,  they  fill  out  the 
form  and  return  it  to  the  office.  There  is  a  detach- 
able slip  that  is  kept  as  an  office  record,  by  means  of 
which  we  can  follow  the  complaint  to  see  that  it 
receives  proper  attention. 
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Mr.  Williams  :  It  is  interesting  to  hear  that  the 
return  postal  card  has  been  successfully  used.  Some 
years  ago  the  New  York  Edison  Company  adopted 
the  same  method,  providing  each  customer  a  return 
postal  card,  intending  its  renewal  as  used.  The  cus- 
tomer simply  had  to  tear  off  the  card,  state  his  com- 
plaint, and  mail  it,  yet  I  don't  believe  one-half  of  one 
per  cent  ever  came  back.  We  have  found  that  the 
best  way  of  attending  to  complaints — and  preventing 
them — is  to  make  a  list  daily  of  every  one  received 
from  any  part  of  the  city,  and  for  any  class  of  service 
(including  our  series  arc  lighting),  and  then  learn  the 
employee  that  is  in  any  way  responsible.  Two  years 
ago  there  were  perhaps  a  hundred  of  all  kinds  daily ; 
at  present  it  is  rarely  the  case  that  more  than  four  or 
five  are  received  in  the  course  of  a  day.  The  care 
of  bill  complaints  has  been  specialized  in  our  company. 
Not  less  than  95  per  cent  are  without  any 
basis  whatever,  other  than  that  the  customer  thinks 
his  bill  high,  which  is  a  condition  more  often  met 
satisfactorily  by  a  man's  manner — by  what  he  seems  to 
believe  himself — than  by  what  he  actually  says  in  ex- 
planation. An  agent — necessarily  a  sympathetic  man — 
would  sympathize  with  the  complaining  customer,  with 
the  result,  almost  always,  that  he  felt  more  prejudiced 
against  the  meter  than  when  he  made  his  complaint. 
We  therefore  relieved  our  agents  of  this  work,  and 
organized  a  separate  department  of  men  who,  first,  had 
sufficient  technical  knowledge  to  understand  and  be- 
lieve in  the  meter  (an  essential  on  the  part  of  the 
man  who  must  defend  it)  ;  we  then  gave  them  oppor- 
tunity for  a  fairly  broad  commercial  training,  for  ac- 
quiring tact,  common  sense  and  resource,  and  the 
result  has  been  very  satisfactory.  It  is  now  a  rare 
occurrence  to  lose  a  consumer  because  he  is  diSvSatisfied 
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with     the    company's     charges     or     with     the     service 
otherwise. 

Mr.  Gilchrist  (Chicago)  :  There  is  one  class  of 
complaints  with  which  1  presume  you  gentlemen  are 
all  more  or  less  familiar,  and  I  should  like  a  Httle 
light  as  to  how  you  handle  them.  As  consumers 
yourselves — possibly  gas  consumers — you  know  that 
you  will  stand  a  good  deal  before  you  will  take  the 
time  and  trouble  to  go  to  the  office  of  the  company 
and  make  a  complaint ;  but,  assuming  that  you  do 
not  send  your  clerk,  but  go  yourself  and  make  the 
complaint,  the  probabilities  are  that  you  are  just  per- 
sistent enough  to  feel  that  you  want  to  get  something 
off  the  bill  anyway.  You  may  be  more  than  two- 
thirds  convinced  that  the  company  is  right,  but  you 
have  been  a  customer  for  eight  or  ten  years,  and  you 
have  taken  the  trouble  to  walk  over  to  the  office  of 
the  company  in  the  hot  sun,  and  you  want  to  get 
something  oflf  the  bill.  That  kind  of  customer  is  the 
hardest  one  for  me,  personally,  to  handle.  The  dis- 
position always  is  to  cut  the  matter  short  and  make 
the  fellow  feel  good  by  rebating  his  bill ;  although  at 
the  same  time  protesting  that  you  are  not  in  any  way 
weakening  your  own  position,  but  that  you  .waive 
your  belief  that  the  bill  is  all  right  for  the  sake  of 
satisfying  him.  I  should  like  to  hear  an  expression 
from  one  or  two  of  the  gentlemen  present  as  to  how 
they  handle  that  kind  of  case  and  whether  they  be- 
lieve that  it  is  a  good  plan  to  make  a  rebate  in  a 
case  of  that  kind,  assuming  that  it  is  a  man  of  re- 
sponsibility that  has  come  to  you,  or  whether  you 
should  hold   him  for  the  full  amount. 

Mr.  Gillette  (Evansville,  Ind.):  I  want  to  ask, 
in  this  connection,  what  is  the  best  way  to  deal  with 
a  customer  of   that    kind  when    he  is  thoroughly  satis- 
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fied  in  his  own  mind  that  the  meter  is  incorrect,  and 
yet  the  superintendent  or  manager  is  fairly  sure,  if 
not  positive,  that  the  meter  is  not  inaccurate.  If  his 
meter  is  taken  out  and  another  substituted,  he  im- 
mediately becomes  suspicious  of  the  fact  that  a  change 
has  been  made.  I  ask  whether  it  is  good  policy  to 
make  such  a  change  or  to  send  a  man  to  make  a 
test  and  convince  the  customer,  if  possible,  by  mathe- 
matical calculations  and  instruments  that  the  meter  is 
accurate.  It  is  sometimes  rather  a  hard  proposition  to 
deal  with  a  person  dissatisfied  in  regard  to  a  meter, 
especially  where  it  is  almost  impossible  to  make  him 
understand  the  mathematical  end  of  it.  I  should  like 
to  hear  some  remarks  on  this  subject. 

Mr.  Cahoon  :  I  think  I  can  answer  that  ques- 
tion. The  experience  I  have  had  with  such  customers 
is  that  you  can  not  tell  them  in  plain  English  that 
they  lie,  but  you  must  get  back  at  them  through 
some  system  of  recording;  and  I  have  found  that  by 
putting  in  a  Bristol  recording  wattmeter  on  the 
premises  and  letting  it  remain  with  the  customer  dur- 
ing his  next  monthly  bill,  you  can  check  up  about 
what  his  consumption  is  and  practically  verify  the 
accuracy  of  the  meter  or  point  out  if  there  is  any  in- 
accuracy in  the  meter.  You  may  test  the  meters  in 
the  ordinary  manner,  but  can  not  convince  the  cus- 
tomers. If  you  put  a  recording  wattmeter  on,  so  that 
he  can  see  what  it  is  doing  and  check  it  up  after- 
ward, you  will  soon  convince  him  that  you  are  trying 
to  treat  him  squarely.  If  you  do  that,  you  will  win 
the  battle  and  have  him  on  your  side,  if  he  is  amena- 
ble to  argument.  This  method  is  inexpensive,  and  it 
generally  takes  care  of  such  complaints. 

Mr.  Walbank  :  Replying  to  the  gentleman  who 
asked  the  question  as  to    the    method  of    dealing  with 
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customers  that  complained  that  their  meters  were  fast, 
I  should  like  to  say  that  in  Canada  every  meter,  be- 
fore its  installation,  must  be  government  tested  and 
must  bear  the  government  seal  for  accuracy.  In  the 
event  of  a  customers  complaining,  we  first  try  to  con- 
vince  him  that  the  meter  does  not  lie.  If  he  is  not 
satisfied  with  that,  we  give  him  the  opportunity  of 
having  a  retest  of  the  meter  made  by  a  government 
official,  with  the  understanding  that  if  the  meter  is  all 
right  he  shall  pay  the  bill  and  expense  of  test,  and  if 
slow,  he  shall  add  the  corrected  amount  to  his  bill. 
But  if  the  meter  prove  wrong  the  company  bears  the 
expense  of  test,  and  replaces  it  with  a  new  meter, 
crediting  the  customer  with  the  difference  between  the 
correct  reading  and  that  shown  by  the  meter. 

Mr.  Bottom  lev  :  I  have  handled  the  question  of 
which  the  gentleman  speaks  by  simply  going  to  a 
customers  premises,  taking  a  potential  reading,  and 
telling  him  about  what  number  of  watts  each  lamp 
should  consume.  I  then  ask  the  customer  to  go  to 
some  room  in  his  house  and  turn  on  any  number  of 
lamps  he  chooses,  and  when  he  comes  back  I  tell 
him  the  number  of  lamps  he  has  had  burning.  Tell 
him  how  many  lamps  he  had  turned  on  in  the  test, 
and  after  that  he  will  have  more  faith  in  your  state- 
ments and  more  faith  in  the  meter. 

Mr.  McCabe  (Williamsport,  Pa.) :  With  us,  the 
greatest  complaints  of  large  bills  come  in  October  or 
in  the  winter  months.  A  customer  comes  into  the 
office  and  says :  **  My  bill  is  too  large ;  I  did  not 
bum  that  amount  of  light  last  month ;  the  meter  is 
wrong."  I  tell  him  the  meter  is  not  wrong.  I  go 
back  over  his  previous  bills,  running  perhaps  over  a 
period  of  six  months  or  a  year.  I  show  him  that  his 
bill    for    May  was   only    $1.50;    bill    for   June,  $1.25; 
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bill  for  September,  $2.50.  I  then  say:  **  I  have 
shown  you  the  bills  for  May  and  June.  Here  is 
your  bill  for  October,  $5.00.  If  your  meter  was 
right  in  May  and  June,  why  is  it  not  right  in  Octo- 
ber? It  will  not  lie  in  October  if  it  was  right  in 
June."  If  the  customer  is  not  satisfied,  I  send  a  man 
to  look  at  his  meter  and  show  the  customer  that  the 
meter  is  correct ;  and,  without  exception,  I  can  sat- 
isfy him. 

Mr.  McGee  (Red  Oak,  la.):  I  have  a  method 
similar  to  our  friend's  for  handling  complaints  about 
the  meters  being  too  fast,  but  I  vary  it  in  this  way, 
and  leave  the  testing  in*  the  consumer's  hands.  I  go 
and  show  him  how  to  read  the  meter.  I  tell  him  to 
turn  on  one  or  two  lights  when  he  retires  at  night, 
the  night  in  question,  and  let  them  burn  all  night,  and 
get  up  in  the  morning  and  read  the  meter,  and  if  it 
is  not  correct  we  will  rebate  the  bill.  Most  meters 
are  slow  on  one  or  two  lamps,  and  he  is  usually 
satisfied,  as  he  thinks  he  is  getting  the  best  of  the 
electric  company. 

Mr.  Ayer  :  It  seems  to  me  that  this  is  a  very 
old  story  with  every  one  of  you.  In  my  own  prsctice 
in  the  city  of  St.  Louis,  I  carried  out  the  method  of 
testing  meters  at  the  customer's  house,  when  the 
occasion  seemed  to  demand  it,  in  the  way  suggested 
by  Mr.  Gaboon.  One  important  factor,  however,  in 
taking  care  of  the  customers  and  the  details  of  the 
company,  seems  to  me  to  be,  not  in  handling  these 
complaints  by  a  system  alone — although  system  is  a 
good  thing  to  bring  it  into  shape — but  to  try  to  take 
time  enough  to  get  at  the  real  facts  of  the  case  where 
you  have  a  dissatisfied  customer.  With  a  large  com- 
pany that  might  seem  to  be  a  large  proposition,  but 
it  is  not ;  I  can  say  that  from   experience.     In  a  com- 
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pany  with  45,ocmd  incandescent  lamps  and  4,000  arc 
lamps,  I  have  had  an  opportunity  to  test  that  kind  of 
thing,  and  the  total  number  of  complaints  did  not 
amount  to  much.  It  did  not  burden  me  to  know 
personally  that  the  results  satisfied  the  customer, 
usually  by  personal  interviews  with  them.  It  is  too 
often  the  case  in  the  central  station,  especially  when 
the  business  becomes  large,  that  you  get  too  much 
system..  A  man  makes  a  complaint,  and  believes  that 
he  is  fully  justified  in  so  doing.  We  all  know  that 
gas  bills  are  not  right,  once  in  a  while,  but  we  think 
that  the  electric-light  bills  must  be.  A  man  comes  in 
indignant — many  times  justly  so  from  his  point  of 
view — and  it  takes  something  more  than  a  mere  testing 
of  the  meter  to  convince  him  that  it  is  all  right.  The 
aggrieved  customer  requires  to  be  handled  by  an 
intelligent  man.  You  must  show  him  the  same  con- 
sideration that  your  grocer  shows  you  when  you  make 
complaint  about  the  weight  of  your  groceries  or  the 
quality  of  the  butter.  If  the  grocer  says  you  do  not 
know  anything  about  the  butter  if  you  say  it  is  strong, 
or  about  the  sugar  if  you  say  it  has  sand  in  it,  that 
does  not  convince  you.  He  does  not  send  a  boy  to 
tell  you  this,  and  he  does  not  have  a  particular  clerk 
to  send  to  you ;  but  he  comes  around  in  person,  and 
shows  a  personal  interest  in  his  customers.  It  is  too 
often  the  case  that  when  an  electric  light  company 
gets  a  customer  on  its  books  it  treats  him  as  an  item, 
a  being  to  whom  to  send  a  bill,  and  if  the  bill  is  not 
paid  when  due,  to  tack  a  penalty  to  it  by  not  allowing 
the  discount.  It  is  not  half  the  tax  many  men  would 
think  it  for  the  manager  to  give  personal  attention 
to  all  complaints,  and  to  know  when  he  has  finished 
with  his  customer  that  it  is  all  right.  The  men  that 
are  the  largest  and    best    customers,    the    people    you 
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must  care  for,  are  apt  to  be  just  in  their  complaints 
from  their  point  of  view.  They  are  apt  to  be  wrong, 
of  course ;  but  it  is  not  a  simple  matter  to  straighten 
them  out  by  any  set  system.  The  postal-card  scheme 
is  all  right,  but  it  is  the  personal  contact  with  your 
customers  that  is  the  correct  thing.  We  like  to  talk 
to  the  principal  when  we  go  to  make  a  complaint. 
If  a  man  takes  the  trouble  to  go  to  the  office  of  the 
company  to  enter  a  complaint,  it  has  a  different  effect 
upon  him  whether  he  meets  the  manager  or  the 
manager  is  out ;  it  has  a  different  effect  on  him 
whether  the  manager  calls  on  him  or  whether  we 
send  a  boy  to  him  with  a  notice  that  the  meter  is 
correct  and  he  is  requested  to  pay  the  bill.  If  the 
manager  shows  enough  interest  in  his  customers  to  see 
them,  he  can  generally  settle  the  matter  satisfactorily. 
This  seems  to  be  a  thing  disregarded  in  many  instances 
— this  personal  contact  of  the  manager  with  the  cus 
tomer.  I  feel  that  this  is  an  important  element  in  the 
management  of  a  company,  and  is  entitled  to  very 
careful  consideration.  In  private  business  we  give 
attention  to  these  details  in  the  most  careful  manner, 
but  with  public-service  companies  these  matters  rarely 
receive  the  attention  to  which  they  are  entitled. 

Mr.  Israel  :  I  ask  the  representatives  of  the 
larger  companies  if  they  have  a  time  limit  within 
which  they  will  not  make  a  retesting  of  the  meter  ? 

Mr.  Williams  :  We  have  no  fixed  rule,  but  it  is 
thought  hardly  necessary  to  retest  under  three  months. 
The  immediate  circumstances  usually  determine  our 
action. 

Mr.  Israel  :  I  understood  that  the  New  York 
company  would  not  make  a  second  test  within  six 
months. 

Mr.    Williams:     Wc    have    hardly    any    iron-clad 
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rules  when  it   comes   to   complying  with   a  customers 
reasonable  desires. 

Mr.  Dusman  (York,  Pa.) :  I  have  had  a  few 
cases  in  line  with  the  complaints  here  mentioned.  In 
one  case  we  had  a  chemical  meter  installed,  which  had 
been  operating  in  one  place  for  over  ten  years ;  con- 
sequently, there  were  very  low  bills.  We  installed  a 
recording  watt-meter  in  its  stead,  and  when  the  first 
bill  was  deHvered  the  company  was  told  to  go  to 
Hades  and  the  men  who  managed  it  somewhere  else, 
and  all  sorts  of  unkind  things  were  said  about  us.  1 
took  this  abuse  with  good  grace,  invited  the  gentleman 
to  my  office  and  told  him  1  would  have  his  meter 
taken  out  in  his  presence,  would  send  it  by  messenger 
to  a  disinterested  party  to  have  it  tested,  and  would 
not  charge  him  anything  at  all  for  the  test,  the  under- 
standing being  that  we  were  to  get  a  written  report 
of  the  test  and  both  parties  were  to  abide  by  the 
result.  This  was  the  most  severe  criticism  that  we 
have  ever  had  made  upon  the  company  in  my  experi- 
ence ;  it  was  also  the  most  satisfactory  result  when  the 
test  was  made.  I  laid  the  report  of  the  test  before 
the  gentleman  and  told  him  he  owed  us  an  apology 
and  some  expenses,  but  that  we  would  let  the  matter 
of  expenses  go  on  the  understanding  that  he  would  let 
the  meter  run  in  future  and  record  the  current  con- 
sumed. I  had  no  further  trouble  with  the  man,  and 
in  the  case  of  a  good  many  other  complaints  received 
since  that  time  I  have  taken  the  report  of  this  test 
out  of  our  files  and  have  said  to  the  parties  making 
the  complaints :  **  Here  is  the  report  of  the  test  of  a 
meter  in  the  house  of  a  gentleman  whom  you  know, 
who  criticized  and  condemned  us  severely.  I  will  take 
your  meter  out  and  do  the  same  with  it  if  you  wish. 
If  you  are  satisfied  with  this   report,  all  right;    if  not, 


i63 

we  will  take  your  meter  out."  In  that  way  I  found  I 
could  take  care  of  nearly  all  the  complaints  of  high 
bills  or  wrong  meters.  Once  in  a  while  we  have 
found  creeping  meters;  meters  that  did  not  creep  for 
a  long  time  in  the  place  where  they  were  located,  but 
a  change  in  the  conditions  surrounding  the  meter — 
possibly  a  building  being  erected  alongside  *  that  in 
which  the  meter  was  installed — ^jarring  the  meter  and 
causing  it  to  creep.  In  that  way  we  have  had  diffi- 
culties arise ;  causes  of  complaint  that  we  did  not  dis- 
cover until  the  complaint  was  made.  In  nearly  all 
cases  I  give  personal  attention  to  complaints.  We 
have  a  bakery  that  runs  motors  late  at  night.  The 
man  that  owns  this  plant  was  convinced  a  couple  of 
months  ago  that  we  were  at  fault,  because  when  he 
called  up  at  twelve  o'clock  at  night  he  could  not  get 
a  man  to  start  his  motors.  We  convinced  him  that 
he  was  at  fault  because  he  did  not  have  an  employee 
in  the  place  who  could  put  in  a  fuse.  He  has  con- 
fidence in  the  company,  and  respect  for  it,  because  his 
complaints  have  been  attended  to  at  once.  We  find 
it  to  be  the  very  best  policy  to  give  careful  and  per- 
sonal attention  to  all   complaints  from  our  consumers. 

Mr.  Ayer:  I  should  like  to  have  Mr.  Williams 
explain  further  the  system  that  they  have  for  deal- 
ing with  their  customers  in  the  matter  of  complaints. 

Mr.  Williams:  I  can  sum  up  what  Mr.  Ayer 
wishes  me  to  say  in  the  statement  that  we  do  every- 
thing that  lies  in  our  power  to  make  our  service  sat- 
isfactory to  our  customers.  For  example,  if  a  cus- 
tomer's motor  bill  seems  high,  we  test  the  motor ; 
and  if  it  is  inefficient,  we  do  all  we  can  to  get  the 
man  that  sold  it  to  put  in  a  new  and  good  one.  We 
examine  the  plant,  and  make  any  proper  suggestions 
for  higher  economies.     We  do  not   stop   short  of  any- 
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thing  we  can  do — reasonably.  In  lighting,  if  a  large 
building  and  the  customer  is  purchasing  other  than 
our  lamps,  we  test  them,  and  if  anything  can  be 
gained,  sell  him  Edison  lamps  at  less  than  cost. 
Only  a  day  or  two  ago  we  found  in  a  certain  build- 
ing that  the  lamps  used  increased  the  bills  21 
per  cent  above  the  standard  of  the  Edison  lamp ; 
and  the  tenants  were  using  the  light  wastefully.  We 
quickly  made  a  change  in  the  lamps,  and  stationed  a 
man  in  the  building,  who,  going  around,  cut  off  any 
lamps  used  needlessly ;  and,  as  a  result,  the  bills  were 
greatly  reduced.  In  a  number  of  instances  we  have 
succeeded  in  holding  our  customers  only  by  such 
means.  Then,  again,  if  a  customer  is  using  the  in- 
candescent light  where  arc  lights  would  be  better,  we 
suggest  a  change,  and  often  put  in  trial  lamps  free. 
We  often  suggest  the  removal  of  unnecessary  lamps — 
arc  or  incandescent — or  a  reduction  of  the  candle 
power :  for,  as  many  here  know,  the  discounts  depend 
upon  the  average  use  of  the  entire  installation.  Inner 
globes  are  renewed  free  of  charge.  Inner  globes  be- 
come in  use  very  black,  which  entails  a  large  loss  of 
light  and  hence,  if  uncared  for,  cause  much  dissatis- 
faction and  ultimate  abandonment.  I  think,  Mr. 
President  and  gentlemen,  I  may  sum  the  whole  mat- 
ter up  in  the  single  statement  that,  so  far  as  I  know, 
we  do  all  we  can  to  give  only  the  best  service  and 
to  satisfy  our  customers  in  every  possible  way. 

The    President  :     Gentlemen,    we    shall    have    to 
close  this  discussion  and  take  up  the  paper  by  Mr.  J. 
P.  Crowley,  which  is  entitled  **  What  Changes  Should 
Be  Made  in  the  Plan  of  Uniform  Accounting." 


WHAT  CHANGES  SHOULD   BE  MADE  IN  THE 
PLAN  OF  UNIFORM  ACCOUNTING 


J.  p.  CROWLEY 


In  response  to  the  courteous  invitation  of  the  presi- 
dent of  the  association,   I  beg  to   submit  the  following 

comments  on  the  **  Plan  of  Uniform  Accounting " 
submitted  at  the  last  convention. 

In  examining  the  form  prepared,  I  am  impressed 
with  the  idea  that  a  more  detailed  classification  should 
have  been  made  for  the  larger  companies,  as  it  is 
much  easier  to  re-group  into  a  lesser  than  sub-divide  a 
few  accounts  into  a  greater  number. 

Would  not  greater  uniformity  result  from  a  more 
expanded  subdivision,  thus  enabling  each  user  to  re- 
group into  a  smaller  number  of  accounts,  rather  than 
to  depend  on  each  user's  expanding  the  system  to 
meet  his  requirements  and  hope  to  retain  any  degree 
of  uniformity? 

The  classification  was  made  with  the  idea  of 
harmonizing  it  with  the  system  adopted  for  street-rail- 
way accounting,  on  the  assumption  that  the  present 
tendency  is  toward  a  consolidation  of  electric-lighting 
and  street-railway  interests.  Is  not  the  tendency  rather 
towards  the  consolidation  of  gas  and  electric  interests, 
and  is  not  the  gas  business  much  more  similar  to  the 
electric-lighting  business  than  is  the  street-railway  busi- 
ness, and,  therefore,  is  not  greater  similarity  of  ac- 
counting methods  possible  between  the  gas  and  electric 
industries  ? 
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The  simplest  form  of  accounting  would  be  a  sys- 
tem of  records  to  enable  a  quick  determination  of 
debits  and  credits  and  from  whom  receivable  and  to 
whom  payable ;  also  a  careful  record  of  expenditures 
for  investments  as  distinguished  from  operating  ex- 
penses. 

The  value  of  a  more  elaborate  system  of  account- 
ing lies  in  the  fact  that  by  subdividing  and  recording 
income  properly  it  may  enable  quick  determination  to 
be  made  of  how  best  to  increase  it,  and  to  subdivide 
and  record  expenses  in  such  manner  as  best  to  deter- 
mine how  they  may  be  diminished. 

A  valuable  method  to  supplement  these  recorded 
divisions  is  a  system  of  periodical  reports  or  analyses 
whereby  income  and  expenses  are  compared  with 
similar  periods;  but  as  our  business  is  constantly 
increasing  or  diminishing,  it  becomes  necessar}^  to 
reduce  the  aggregate  amount  of  these  expenses  to  that 
unit  of  the  whole  which  occasions  an  increase  or 
diminution  in  the  aggregate  amount.  For  example, 
our  boiler  fuel  will  increase  with  an  increase  of  output, 
and  about  proportional  to  our  kilowatt-hour  output. 
It  is  therefore  necessary  to  reduce  for  purposes  of 
comparison  to  the  cost  per  kilowatt-hour  output.  Our 
cost  of  reading  meters  will  increase  with  our  increased 
number  of  meters,  but  may  not,  and  probably  will  not, 
bear  relation  to  the  kilowatt-hour  output ;  but  it  should 
bear  an  exact  relation  to  the  total  number  of  meters 
read,  and  therefore  the  total  expense  should  be  reduced 
to  the  cost  per  meter  read.  Arc-lamp  repairs,  in  turn, 
are  affected  by  the  number  repaired,  and  should  be 
reduced  on  this  basis.  The  value  of  this  system  of 
accounting  can  be  still  further  enhanced  by  all  stations 
using  a  uniform  method  of  accounting,  thus  enabling 
one    manager    to    make    comparisons    of    any    or    all 


167 

income   and   expense   items   with   the   results   of   other 
similar  stations. 

Income  account  should  be  so  divided  that  classes 
of  current  occasioning  about  the  same  expense  to 
generate  and  deliver  will  be  grouped  together.  Con- 
struction accounts  should  be  so  grouped  that  apparatus 
having  about  the  same  rate  of  depreciation  should  be 
grouped  fogether.  This  would  require  a  greater  exten- 
sion of  the  construction  accounts  than  appears  on  page 
9  of  the  report.  As  an  example  of  what  is  meant, 
I  will  cite  Division  **  D."  This  might  be  divided  about 
as  follows : 

D  (i)  Real  Estate  Water  Rights  and  Pole  Line  Right 
of  Way 


D 
D 
D 
D 
D 
D 
D 
D 
D 


2)  Ground  Preparation 

3)  Hydraulic  Construction — Masonry 

4)  Hydraulic  Construction — Wood 

5)  Hydraulic  Construction — Steel 

6)  Power  House  Building 

7)  Turbines 

8)  Electrical  Equipment 

9)  Pole  Line 

10)  Copper  Conducters 


You  will  notice  that  I  have  made  a  crude  attempt  to 
classify  the  different  types  of  construction  apparatus  so  as 
to  enable  depreciation  to  be  intelligently  computed. 

There  should  be  no  depreciation  on  Land  and  Water 

rights,  and  it  is  probable  there  would  be  some  appreciation, 

while    the    electrical  equipment   would   depreciate,    say, 

approximately  eight  per  cent,  and  the  poles,  with  cross 

arms,  etc.,  might  depreciate  at  the  rate  of  fifteen  per  cent 
per  year. 

After  passing  the  Income  and  Construction  accounts 
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we  must  decide  upon  what  main  divisions  of  operating 
should  be  kept  and  what  the  subdivisions  will  be. 

The  writer  is  a  member  of  the  electrical  classific- 
ation committee  for  the  McMillin  companies  and  fully 
recognizes  how  hard  it  is  to  meet  the  views  of  all, 
and  how  easy  it  is  to  criticise  the  plans  proposed,  no 
matter  what  they  are ;  but  it  is  only  by  criticism  and 
argument  that  we  can  hope  to  secure  a  good  system. 

We  have  in  course  of  preparation  a  form  separating 
our  operating  expenses  into  five  main  subdivisions  as 
follows : 


(a) 

Generation 

(b) 

Distribution 

(c) 

Collecting 

(d) 

General 

(e) 

Interest 

**A"  has  numerous  subdivisions  to  enable  the  de- 
termination of  the  cost  of  generating  each  class  of 
current,  viz.: 

(i)  Continuous  Current,  Series  Arc 

(2)  Alternating  Current,  Series  Arc 

(3)  Parallel  Alternating 

(4)  Parallel  Direct 

The  purpose  of  this  subdivision  is  to  learn  not 
only  the  average  cost  for  current,  but  to  determine 
the  cost  for  each  class,  as  we  cannot  sell  continuous 
arc  current  at  our  average  cost  without  loss,  and  yet 
we  can  sell  our  alternating  or  direct  current  at  less 
than  our  average  cost  and  make  money  on  it.  We 
might  separate  our  main '  maintenance  accounts  from 
our  operating  costs,  but  I  have  been  unable  to  see 
any  great  advantage  in  doing  so,  there  being  no  dis- 
tinct line  of   demarcation  between  operation  and  main- 
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tenance.  Strictly  speaking,  all  the  maintenance  ac- 
counts are  operating  expenses. 

In  the  **  Plan  of  Uniform  Accounting,"  "  Brushes 
for  Dynamos,"  is  listed  as  an  operating  expense,  while 
** Commutators"  is  listed  as  a  maintenance  expense. 
Why  this  distinction  is  made  is  not  clear,  as  arc  com- 
mutators need  renewing  oftener  than  brushes  on  some 
cfenerators. 

**  Miscellaneous  Distribution  Operating  Expense"  is 
charged  on  page  45  of  report  with  Maintenance  of 
Wagons,  Bicycles,  Automobiles  and  Harnesses.  Would 
it  not  be  better  to  do  away  with  this  arbitrary  divi- 
sion between  Operating  and  Maintenence,  calling  it 
all  Operating  Expenses? 

There  is  no  occasion  for  subdividing  expenses  un- 
less there  is  some  distinct  advantage  in  doing  so.  On 
the  other  hand,  it  would  be  safe  to  divide  and  re- 
divide  expense  accounts  if  the  saving  made  possible 
by  such  division  exceeds  the  cost  of  record  keeping. 

The  committee  of  which  the  writer  is  a  member 
has  in  course  of  preparation  a  form  dividing  the 
electrical  expenses  into  more  than   200  subdivisions. 

All  bills  are  paid  by  voucher  and  instead  of  using 
the  synoptic  ruled  voucher  journal,  we  use  a  loose-leaf 
ledger,  giving  one  page  to  each  account  number.  The 
committee  was  of  the  opinion  that  it  was  absolutely 
necessary  to  charge  each  main  division  with  all  the 
expenses  which  it  occasions  in  order  to  determine  the 
true  generation  and  distribution  costs,  and  has  therefore 
separated  costs  of  generation  by  different  methods,  in 
order  to  determine  the  relative  costs  of  generation  by 
steam,  gas  engines  and  water  power.  The  form  under 
consideration  makes  no  provision  for  these  subdivisions, 
which  I  regard  as  essential.  Store  Room  Expense 
No.  32  is  listed  with  the  General  Expense  Accounts. 


170 

Why  should  not  this  account  be  closed  out  month Jy 
a  proper  proportion  being  added  to  the  cost  of  sup- 
plies to  cover  the  store-room  expenses.  If  we  main- 
tain no  store  room  we  should  pay  these  expenses  in 
the  additional  costs  of  the  materials,  and  they  would  in 
that  way  be  charged  to  the  account  for  which  the  sup- 
plies were  purchased. 

The  writer  in  no  sense  presumes  to  set  himself  up 
as  an  authority  on  accounting  matters,  but  offers  these 
comments,  inasmuch  as  the  form  has  been  left  open 
for  future  development,  in  the  hope  that  a  full  discus- 
sion by  the  members  of  the  association  may  lead  to 
good  results  in  which  all  will  share. 

DISCUSSION 

Mr.  Isaac  Smith  (Cedar  Rapids,  la.):  I  do  not 
recollect  what  was  the  form  of  accounting  presented 
by  the  committee  last  year  or  the  year  before.  It 
seems  to  me  that  the  object  of  central-station  ac- 
counting is  not  only  that  it  shall  be  uniform,  but 
that  the  accounts  shall  be  such  as  to  enable  the  man- 
ager to  compute  his  costs.  I  am  a  believer  in  what 
is  known  as  the  **  two-rate "  system,  but  I  have  found 
that  unless  you  subdivide  the  investment  and  operat- 
ing expenses  quite  minutely,  .they  will  not  stand  the 
test  of  a  two-fold  distribution,  made  necessary  to  en- 
able us  readily  to  compute  costs.  The  only  way  in 
which  I  was  able  to  make  up  my  accounts  was  to 
list  every  item  of  the  station  and  classify  the  operat- 
ing expenses  practically  according  to  these  items.  I 
know  that  the  keeping  of  all  these  various  accounts 
of  installation  and  maintenance  in  such  detail  requires 
considerable  labor ;  but  I  do  not  know  how  it  is  to 
be  avoided,  and  I  should  be  glad  if  someone  would 
suggest  how  otherwise    it   can  be  done,  because,  while 
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bookkeeping  is  not  a  pleasant  labor,  it   is   an  absolute 
essential. 

Mr.  Gossler  (Montreal) :  I  have  just  taken  a 
glance  at  the  subject  of  this  paper,  and  although  I  do 
not  know  very  much  about  bookkeeping,  at  the  same 
time  I  may  say  that  I  had  a  conference  with  Mr. 
Gaboon  prior  to  the  making  of  the  report  to  the 
association  last  year,  and  I  am  of  the  opinion  that 
the  system  of  accounting  presented  will  permit  of 
great  simplification.  It  seems  to  me  that,  to  derive 
the  benefits  of  good  bookkeeping,  it  is  absolutely 
necessary  that  the  system  of  accounting  should  be 
such  that  the  returns  for  any  month  will  be  made  in 
a  comparatively  short  time  after  the  expiration  of 
that  month.  As  I  have  stated,  I  am  of  the  opinion 
that  the  system  of  bookkeeping  should  be  simple, 
and  alterations  should  be  made  in  the  suggested 
systems  that  will  permit  of  returns  being  made  more 
promptly  than  I  think  is  possible  under  the  systems 
set  forth. 

The  President  :  If  there  is  no  further  discussion 
on  this  topic,  we  will  proceed  to  the  papers  on  the 
next  subject :  **  Are  Loose-Leaf  Ledgers  Desirable 
for  Electric  Companies*  Records." 


ARE  LOOSE-LEAF  LEDGERS  DESIRABLE  FOR 
ELECTRIC  COMPANIES'  RECORDS,  AND 
TO  WHAT  EXTENT  MAY  THEY  BE  AD- 
VANTAGEOUSLY  EMPLOYED 


G.   E.   TRIPP 


The  loose-leaf  ledger  would  not  be  desirable  in 
the  system  of  accounts  adopted  by  Messrs.  Stone  and 
Webster's  companies.  We  use  but  three  different 
ledgers :  the  customers*  ledger,  the  general  ledger, 
and  the  construction  ledger. 

It  would  not  be  of  any  benefit  as  a  customers* 
ledger,  because  we  have  a  new  one  each  year,  and 
this  in  itself  eliminates  dead  accounts  (as  I  believe 
this  is  the  principal  virtue  argued  for  the  loose-leaf 
ledger). 

It  would  not  be  required  for  this  purpose  for  a 
general  ledger,  for  there  never  will  be  any  dead 
accounts  in  this  book,  as  the  number  of  accounts 
that  can  be  opened  therein  is  strictly  limited.  The 
only  advantage,  then,  of  using  a  loose-leaf  ledger  for 
the  general  ledger  would  be  that  of  never  having  a 
break  in  an  account,  viz.,  that  it  would  always  run 
through  consecutive  pages;  but  by  the  plan  of 
limiting  the  number  and  names  of  the  accounts  as 
shown  above,  we  divide  the  book  quite  accurately, 
and  the  chances  of  having  a  break  in  an  account  are 
not  of  sufficient  importance  to  warrant  the  extra 
expense  of  a  loose-leaf  book,  nor  to  overcome  the 
generiil    rule    that    the   general   ledger   of   a   company 
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should  never  be  in  loose-leaf  form.  Subsidiary 
ledgers  are  not  so  important,  as  it  is  possible  to  test 
their  accuracy  by  the  general  ledger  and  this  insures 
their  reliability  as  an  original  record.  There  can  be 
no  such  test  applied  to  the  general  ledger ;  therefore, 
it  would  be  possible  to  remove  accounts  entirely,  and 
the  removal  could  only  be  ascertained  by  a  checking 
with  the  original  books  of  entry.  I  think  it 
extremely  doubtful  if  the  general  ledger,  which  is 
supposed  to  collect  and  combine  all  other  account 
books  of  the  company,  would  be  as  weighty,  as 
evidence  before  a  court,  in  loose-leaf  form  as  it  would 
in  the  ordinary  firmly-bound  book. 

These  are  some  of  my  objections  to  having  the 
general  ledger  a  loose-leaf  ledger. 

As  to  the  construction  ledger,  this  is  merely  a 
memorandum  book  containing  certain  details  as  to 
charges  to  construction.  Each  account  is  closed  as  it 
is  finished,  and  the  dead  accounts  are  of  as  much 
value  for  information  as  the  live  ones.  Therefore,  we 
do  not  wish  to  eliminate  the  dead  accounts. 

In  view  of  all  the  above,  I  believe  my  opinion 
may  be  summed  up  as  against  the  use  of  loose-leaf 
ledgers. 

m 

H.    H.    FAIRBANKS 

It  is  rather  difficult  to  explain  our  system  of 
keeping  accounts  without  seeing  it  in  operation.  I 
have  sent  samples  of  our  cards,  which  perhaps  will 
give  you  some  idea  of  it.  I  have  sent  you  ten  cards 
of  our  Consumers'  Ledger,  which  represent  ten  pages. 
They  are  divided,  as  you  will  see,  in  sections  of  ten, 
the  division  card  of  blue  representing  the  tens  and 
the  buff  card  the  hundreds.     When  a  customer  drops 
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out  we  can  take  out  his  card  and  place  a  new  one  in 
its  place.  We  have  an  index  with  these  cards,  giving 
the  page  or  card  on  which  each  customer  is  located. 
These  cards  are  fitted  in  boxes  or  drawers  holding 
500  cards,  which  are  fitted  into  our  safe  so  that  they 
can  be  cared  for  the  same  as  our  books.  When  the 
bookkeeper  has  occasion  to  use  them  he  takes  the 
drawers  out  and  places  them  on  a  small  movable 
stand  by  the  side  of  his  desk,  and  then  posts  his 
books  the  same  as  if  it  were  a  regular  ledger ;  and 
our  clerk  says  he  can  post  to  this  card  ledger  a 
great  deal  quicker  and  more  easily  than  he  could 
when  we  used  books. 

The  smaller  cards  will  explain  themselves,  I  think. 
They  are  kept  in  the  same  manner  in  the  safe,  but 
the  division  or  index  card  indicates  the  street  on 
which  the  customer  is  located,  and  as  each  customer 
has  the  street  number  on  his  card  it  makes  it  an  easy 
matter  to  locate  the  card.  You  will  notice  that  the 
meter  reader's  cards  have  two  holes  punched  at  the 
left ;  this  is  for  the  purpose  of  inserting  them  in  a 
pocket  cover  or  case  made  for  them,  when  the  cards 
are  taken  out  each  month  to  be  read. 

Our  custom  in  reading  meters  is  to  give  the 
reader  a  certain  number  of  cards  representing  streets 
that  are  in  localities  near  one  another,  giving  him 
enough  cards  for  a  forenoon  or  afternoon's  work. 
He  reports  at  noon  and  night  and  leaves  whatever 
cards  he  has  got  the  readings  for,  and  then  the  clerks 
in  the  office  have  them  at  once  to  use  in  making 
out  the  bills.  This  saves  an  immense  amount  of 
time  over  the  old  way,  when  we  used  books.  We 
can  now  get  our  bills  all  off  the  first  day  of  the 
month,  as  by  the  time  the  reader  has  finished  taking 
the  readings  the  clerks  have  the  bills  all  made  out  up 
to  the  last  half  dav  he  is  out. 


'75 

In  making  out  our  bills  we  use  an  addressograph 
machine,  which  also  saves  us  much  time.  I  also 
inclose  copy  of  our  bills.  The  meter  readings  are  all 
kept  on  a  book  by  the  streets,  so  that  we  can  also 
find  the  amount  each  customer  has  used  each  month 
and  get  the  total  amount  of  current  used  and  of  the 
bills.  It  would  be  much  easier  to  explain  our  system 
if  it  could  be  seen  in  operation.  We  have  found  it 
very   convenient   and   labor-saving. 


The  cut  on  the  following  page  shows  ten  cards, 
which  represent  ten  pages  of  our  Consumers'  Ledger, 
into  which  all  lights  and  power  are  posted.  The 
numbers  at  the  right  represent  every  ten  pages  of 
the  cards;  the  small  figures  at  the  left  represent 
the  last  number  of  the  particular  division  of  tens  in 
which  it  is  located.  The  plain  card  in  front  (marked 
**  1 99 1  ")  is  a  blue  card  in  our  boxes,  and  that  at  the 
back  (2001)  is  a  buff  card.  These  cards  are  kept 
in  boxes,  fitted  into  our  safe,  holding  500  cards  or 
pages  each. 

If  we  wish  to  discontinue  a  name  in  the  ledger 
we  take  out  that  card  and  put  another  in  place  of  it. 
In  connection  with  these  cards  we  have  an  index 
that  gives  the  page  or  card  on  which  each  customer 
is  located. 
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GEORGE  W.  DAVENPORT 

I  have  read  with  great  interest  the  arguments  of 
Mr.  Tripp  and  Mr,  Fairbanks. 

It  seems  to  me  that  the  term  *' loose-leaf  ledger" 
has  been  rather  loosely  used  by  Mr.  Tripp  aAd  Mr. 
Fairbanks ;  the  one  speaking,  I  think,  of  a  loose- 
leaved  book  of  the  type  manufactured  by  the  Baker- 
Vawter  Company — and  other  companies — the  other  of 
the  card  ledger. 

It  seems  to  me  that  any  system  which  requires 
that  the  names  of  customers  be  wholly  rewritten  at 
frequent  intervals  is  open  to  objection.  In  a  small 
company  (and  by  this  I  mean  a  company  of  less,  we 
will  say,  than  one  thousand  customers)  a  form  of 
loose-leaf  ledger  with  separate  leaves  devoted  to  each 
letter  of  the  alphabet,  can  be  used  to  good  advantage. 
Above  one  thousand  customers  I  do  not  believe  in 
any  form  of  book,  and  am  firmly  of  the  opinion  that 
Mr.  Fairbanks'  plan,  or  some  other  on  the  same  lines, 
is  the  correct  one. 

With  a  company  having  about  2,500  customers  I 
used  a  card  ledger  with  excellent  results.  We  used  a 
meter-reading  card,  which  was  carried  by  the  meter 
reader,  arranged  in  routes,  and  afterwards  assorted 
numerically  to  conform  to  the  customers'  number  of 
accounts, — very  successfully.  The  customers'  ledger 
card  was  of  considerable  size  the  long  way  of  the  card 
up  and  down,  and  contained  space  enough  for  three 
years'  business.  These  cards  were  removed  from  the 
cases  when  the  customers  left  town  in  the  spring  and 
restored  on  their  return  in  the  fall,  provided,  of  course, 
the  current  was  shut  off.  The  customers'  ledger  card, 
however,  bore  only  the  financial  information  required; 
the  details  of  the  meter  reading  and  other  charges  were 
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made  on  an  intermediate  card  between  the  meter  card 
and  the  ledger.  This  enabled  two  clerks  to  work  ;  the 
one  transferring  statistics  from  the  ** meter  card"  to  the 
** statistic  card"  and  the  other  making  charges  from 
the  ''statistic  card"  to  the  ''ledger  card." 

Credits  from  the  ledger  card  were  made  from  the 
stub  of  the  bill,  which  was  put  on  a  spindle  by  the 
cashier  when  the  money  was  received.  This  enabled 
the  treasurer  to  make  one  entry  each  day  on  his  cash 
card,  crediting  "Customers'  Accounts  Receivable,"  and 
the  ledger  man  made  his  credits  of  the  ledger  cards 
from  the  slips,  which  were  afterward  filed  away  in 
a  wrapper  indorsed  with  the  amount  of  the  day's 
collections.  This  worked  admirably,  accurately  arid 
quickly,  beside  being  very  flexible,  permitting  of  a 
number  of  clerks  working  upon  any  particular  branch 
of  the  work  that  required  special  attention,  as,  for 
example,  the  making  out  of  bills  from  the  ledger 
cards  at  the  end  of  the  month. 


CHARLES   R.    PRICE 

Some  years  since,  while  trying  to  devise  some  way 
to  shorten  work  in  the  accounting  department  in 
order  to  save  making  an  addition  to  our  office  help, 
the  attention  of  the  writer  was  called  to  the  advan- 
tages of  a  loose-leaf  ledger. 

Our  company  sells  gas,  electric  light  and  power  of 
all  kinds,  gas  stoves  and  appliances,  gas  and  electric 
fixtures,  besides  doing  a  large  business  in  gas  piping 
and  electric  wiring,  so  our  bookkeeping  is  somewhat 
varied  in  character.  We  have  about  forty-five  hundred 
gas  and  a  thousand  or  more  electric  customers;  the 
accounts  of  the  former  arranged  as  to  streets  and 
those  of  the  latter  in  alphabetical  order,  with  separate 
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ledgers  for  each.  Although  in  the  past  all  of  these 
have  been  rewritten  each  year — and  this  work  must  be 
done  in  addition  to  the  regular  daily  duties— we  have 
not  yet  been  able  to  see  that  there  would  be  saving 
enough  to  warrant  our  adoption  of  the  loose-leaf 
ledger  system  in  either  our  "Corporation"  or  "Sales" 
sets  of  books.  In  the  former  our  long  and  continuing 
accounts  are  too  few,  and  in  the  latter  wc  have  too 
many  small  and  sundry  accounts. 

Our  practice  has  been  to  rewrite  and  rearrange 
our  consumers'  lists  each  year,  though  I  think  we 
shall  try  to  make  the  present  sets  run  two  years.  I 
do  not  believe  a  longer  time  is  practicable,  owing  to 
changes  in  streets,  houses,  tenants  and  moving,  in  a 
growing  city.  A  longer  period  would  not  be  con- 
sistent with  clearness  and  neatness  in  results. 

The  Cambridge  Gas  Light  Company  of  Massachu- 
setts has  adopted  a  card  ledger  system  over  which 
the  treasurer  is  very  enthusiastic,  as  these  may  be 
written  up  with  the  addressograph.  This,  besides 
giving  quick  and  neat  work,  enables  changes  of  routes 
and  postings  from  route  books  to  be  made  rapidly,  and 
may  give  several  years'  records  of  each  customer. 
The  system  seems  to  have  several  excellent  points,  but 
it  was  a  debatable  question  whether  cash  postings  from 
bill  stubs  could  be  made  as  rapidly,  or  the  footings 
of  monthly  lists  obtained  or  lists  of  non-paid  accounts 
be  drawn  off  as  quickly,  as  from  a  bound  book. 
There  is  also  the  possibility  of  the  abstraction  of  an 
account. 

The  addressograph  is  now  so  made  as  to  print  on 
the  left  side  of  the  page  of  a  book  or  sheet,  which 
will  greatly  extend  the  usefulness  of  this  excellent 
office  assistant  and  remove  one  argument  in  favor  of 
the  loose-leaf  system  :  it  should  be  made,  however,  so 
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as  to  print  from  above,  so  that  the  work  may  be 
seen  as  printed. 

While  we  do  not  sec  the  advantages  of  a  loose- 
leaf  ledger  to  the  extent  of  adopting  it,  we  have 
devised  a  loose-leaf  sales  journal,  which  we  find  facili- 
tates getting  out  our  monthly  work  in  a  way  much 
appreciated  by  the  bookkeepers.  These  arc  printed 
forms  of  uniform  size,  on  different  colored  sheets  for 
onr  different  departments,  showing  the  usual  material 
and  labor  charged  on  jobs  for  wiring,  piping,  or  shop 
accounts,  fixtures,  etc.  They  ar6  usually  filled  in  by 
the  workman  as  to  items,  price  filled  in  by  the 
foreman,  and  when  numbered  and  bound  in  ready- 
made  covers,  form  an  original  day  book.  Each  sheet 
has  all  the  information  regarding  any  particular  job, 
and  is  good  evidence  if  a  legal  question  ever  arises. 
The  last  sheets  of  each  month  have  a  recapitulation 
of  the  total  work  under  each  heading  for  the  month, 
and  are  posted  into  the  sales  ledger,  from  which  a 
simple  journal  entry  carries  the  monthly  work  into 
what  we  call  our  **  Corporation  Set."  All  bills  are 
made  from  the  journal  sheets  so  that  the  work  is 
transcribed  but  once  in  the  office,  and  with  from 
three  hundred  to  six  hundred  bills  per  month,  of 
varying  lengths,  this  is  a  very  considerable  item  of 
labor  saved. 

From  the  above  review  of  our  system  of  work,  I 
do  not  at  present  see  any  advantages  in  a  change  to 
a  loose-leaf  method  of  keeping  the  accounts  of  our 
company. 

DISCUSSION 

The  President  :  These  papers  illustrate,  perhaps 
better  than  anything  else,  the  programme  idea  we 
have  attempted  to  follow  in  this  convention  ;  that  is, 
to  obtain    the  views    of    different    men  on  certain  sub- 
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jects  in  short  and  concise  form.  Are  there  any  com- 
ments ? 

Mr.  Smith  (Somerville,  Mass.) :  Mr.  Fairbanks, 
in  reading  his  paper,  described  substantially  a  system 
that  we  use  in  our  company.  We  used  to  have  in 
our  consumers  accounts  a  regular  consumers'  ledger, 
which  had  short  leaves  and  would  carry  the  accounts 
for  two  years ;  but,  beginning  with  the  first  of  this 
year,  we  have  used  a  system  of  cards  similar  to  that 
he  Has  described,  and  we  find  it  a  great  improvement. 
Our  cards  are  so  printed  as  to  carry  the  accounts  for 
four  years.  I  understand  from  Mr.  Fairbanks'  sketch 
that  his  card  does  not  give  the  date  when  a  bill  is  paid. 
Our  cards  give  the  date  of  each  month,  printed  on 
the  left-hand  side.  The  meter  readings  are  given  on 
this  card,  the  amount  of  the  bill,  and  when  it  is  paid. 
There  is  a  large  saving  in  time  in  posting  the  accounts 
and  keeping  them  straight  through  the  system  of  num- 
bers that  we  have  adopted.  In  the  beginning,  we  sort 
the  cards  according  to  the  routes,  and  as  customers 
drop  out  we  can  remove  the  cards,  and,  as  new  cus- 
tomers come  in,  put  in  new  cards  and  interpolate  the 
numbers.  If  we  have  a  customer  numbered  150,  his 
next-door  neighbor  coming  in  would  be  between  150 
and  151;  we  could  put  it  150.1  or  150.5;  and  if 
another  party  came  in  afterward  his  number  could  be 
150.3.  Our  meters  are  kept  in  the  same  way,  so  that 
we  can  take  the  cards  out  of  the  file  in  the  easiest 
manner  to  get  at  the  customer.  They  are  always 
arranged  according  to  routes.  I  should  not  adopt  the 
card  system  of  ledgers  for  our  general  accounts.  We 
use  it  for  our  consumers'  accounts  and  petty  ledgers, 
but  could  not  recommend  it  for  the  general  corpora- 
tion accounts. 

Mr.   Price  (New  Bedford,  Mass.):     Since  I  wrote 
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this  paper  I  have  had  an  opportunity  to  investigate 
Mr.  Barnes'  system  at  Cambridgeport,  and  I  think 
that,  on  the  whole,  there  are  many  advantages  in 
keeping  customers'  accounts  on  cards  or  small  sheets, 
as  adopted  by  him.  He  has  one  practice  that  over- 
comes the  objection  that  occurred  to  me  at  first,  and 
that  is  in  his  cash-sheet  system.  His  cash  book, 
instead  of  being  a  bound  book,  is  used  as  Cash  sheets, 
carefully  numbered  and  divided  so  that  three  or  four 
clerks  can  work  on  the  cash  returns  at  the  same  time. 
The  posting  is  done  by  small  rubber  stamps,  by  which 
he  checks  off  the  returns  and  posts  them  at  the  same 
time.  The  posting  can  be  done  more  rapidly  in  this 
way  than  with  a  book,  with  the  advantage  that  the 
work  can  be  continuous ;  whereas,  in  the  case  of  using 
a  book,  only  one  person  can  use  the  book  and  card 
at  the  same  time.  I  believe  that  anyone  who  will 
investigate  the  card  system  will  find  that  there  are 
more  advantages  to  it  than  appear  at  first  sight. 

The  President  :  I  might  add  that  this  subject  was 
very  fully  discussed  at  a  meeting  of  the  Ohio  Gas 
Light  Association.  Their  methods  of  accounting  would 
not  differ  greatly  from  ours.  I  happen  to  be  a 
believer  in  the  loose-leaf  ledger  form  of  keeping 
accounts.  You  can  make  it  so  absolutely  perfect  that 
there  is  no  chance  of  a  sheet  being  abstracted  without 
your  knowing  it.  You  issue  sheets  numbered  in  con- 
secutive order  and  signed  by  some  person  who  can  be 
held  responsible  for  them.  If  anyone  cares  to  look 
up  this  subject,  you  will  find  that  four  contributions 
were  read  at  the  meeting  of  the  Ohio  Gas  Light 
Association  held  last  March.  We  had  already  planned 
to  have  this  subject  on  our  programme,  and  we  did 
not  think  it  wise  to  lay  it  aside ;  but  you  will  find  in 
the  report  of  the  Ohio  Gas  Light   meeting  much  data 
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that  has  not  been  presented  here.  If  there  are  no 
more  comments  on  this  subject,  we  will  take  up  the 
consideration  of  some  of  the  questions  assigned  for 
this  evening. 

(The  following  questions  were  then  taken  up  and 
discussed,  for  which  see  Question  Box :  Nos.  6,  50, 
54,  56,  59,  62,  63,  and  66.) 

(The  meeting  then  adjourned.) 


ORDER  OF  BUSINESS 


Wednesday,  May  21st,  1902. 

FOURTH    SESSION,     ID    A.    M. 

1.  Question  Box 

2.  Discussion — **  Three-Phase    versus    Two-Phase    for 

City  Distribution."  B.  A.  Behrend,  Charles 
F.  Scott 

3.  Question  Box 

4.  Report — Committee  on    Rules   for   Electrical  Con- 

struction and  Operation.  Captain  William 
Brophy,  Chairman 

FIFTH    session,    2.  ID    P.    M. 

1.  Question  Box 

2.  Report — Committee     on     Photometric    Values    of 

Arc  Lamps.     Henry  L.  Doherty,  Chairman 

3.  Topic — **  Protection  of  Long-Distance  Transmission 

Lines."  Charles  H.  Baker,  L.  Denis,  P.  N. 
NuNN,  Henry  J.  Gille,  P.  M.  Lincoln, 
Norman  T.  Wilcox,  P.  *G.  Gossler,  F.  A.  C. 
Perrine 

sixth  session,  8  p.   M. 

1.  Executive  Session 

2.  Paper — **  Display     Lighting,    Signs     and     Decora- 

tions."     By  Russell  Spaulding 

3.  Paper — **  Possibilities  of  Sign  and  Decorative  Light- 

ing."    By  E.  J.   McAllister 


FOURTH   SESSION 

President  Doherty  called  the  meeting  to  order  at 
ten  o'clock,  and  questions  Nos.  33,  34  and  35  were 
taken  up  and  the  answers  read  (for  which  see  Ques- 
tion Box),  but  there  was  no  oral  discussion.  The 
next  order  of  business  was  the  papers  on  **Three- 
Phase  versus  Two-Phase  for  City  Distribution,"  by 
Messrs.  B.  A.  Behrend,  of  Cincinnati,  and  Charles  F. 
Scott,  of  Pittsburg. 


THREE-PHASE  VS.  TWO-PHASE  FOR  CITY 

DISTRIBUTION 


B.  A.  BEHREND 

The  question  whether  or  not  the  three-phase 
current  is  superior  to  the  two-phase  current  for  the 
distribution  of  light  and  power  in  cities,  has  been 
argued  for  the  past  eight  years.  At  first,  there  were 
a  great  many  advocates  of  the  two-phase  current,  on 
account  of  the  greater  simplicity  of  this  system. 
Looking  to-day  over  the  installations  of  alternating- 
current  systems  for  city  distribution,  we  find  the  fact 
established  that  the  three-phase  distribution  has  been 
preferred  to  the  two-phase  distribution  in  the  majority 
of  plants. 

That  system  will  be  most  favorable  for  distribution 
of  light  and  power  in  which  the  potential  on  one 
phase  is  as  little  as  possible  affected  by  a  change  of 
load  on  another  phase.  This  may  be  considered  the 
criterion  by  which  to  form  an  opinion  of  the  superi- 
ority of  one  system  over  another. 

At  first  siglit,  it  would  seem  that  the  two  phases 
in  a  two-phase  generator,  being  in  quadrature  with 
each  other,  would  not  be  subjected  to  mutual  induc- 
tion. We  must  consider,  however,  that  the  two 
armatures  of  a  two-phase  machine,  although  displaced 
toward  one  another  by  ninety  electrical  degrees,  and, 
so  far  as  this  displacement  is  concerned,  being  inde- 
pendent of  one  another, — are  electro-magnetically  con- 
nected  with   each    other   through    the   revolving   field. 
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We  therefore  find  that  the  two  phases  in  a  two-phase 
machine  are  not  independent  of  one  another ;  that  is, 
a  load  on  one  phase  affects  the  potential  on  the 
other. 

Theoretical  considerations,  as  well  as  experience, 
have  established  the  fact  that  a  two-phase  machine, 
so  far  as  independence  of  phases  is  concerned,  is  not 
superior  to  a  three-phase  machine  if  the  load  on  the 
latter  is  properly  arranged. 

The  output  of  a  two-phase  generator  is  equal  to 
the  output  of  a  three-phase  generator.  In  other 
words,  any  two-phase  generator  may  be  wound  as  a 
three-phase  generator  without  changing  the  rating, 
and  vice  versa. 

The  regulation  of  both  two-phase  and  three-phase 
machines  being  equally  good,  according  to  the  state- 
ments above  made,  it  would  seem  that  the  three-phase 
system  was  preferable  to  the  two-phase  on  account  of 
requiring  only  three  wires  instead  of  four,  leaving  out 
of  consideration  the  two-phase,  three-wire  system. 
There  is,  however,  a  very  interesting  fact  which 
should  be  observed,  namely,  a  three-phase  generator 
on  which  the  load  is  connected  between  the  outside 
wires,  is  greatly  inferior  to  a  two-phase  so  far  as 
regulation  is  concerned.  Only,  if  the  neutral  connec- 
tion of  the  three-phase  generator  is  made  use  of,  and 
if  the  load  is  put  on  between  the  neutral  and  the 
outside  wires,  the  regulation  in  the  three-phase  ma- 
chine is,  in  all  respects,  equal  to  that  of  the  two- 
phase  machine.  But  it  must  be  observed  that  the 
three-phase  machine  requires,  under  these  conditions^ 
four  wires,  as  well  as  two-phase  machine. 

Summing  up  the  pros  and  cons,  we  may  state 
that  there  is  comparatively  little  choice  between  the 
two-phase  and  the   three-phase   systems,  but  there  are 
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certain  slight  advantages  in  favor  of  the  three-phase 
system.  If  seventy-five  per  cent  of  the  load  is  a 
lighting  load  and  twenty-five  per  cent  is  a  load  that 
requires  little  attention  to  regulation,  as,  for  instance, 
an  arc-light  load  having  its  own  regulator,  or  a  motor- 
load,  a  three-phase  generator  has  the  further  advantage 
that  it  can  be  operated  as  a  single-phase  machine,  the 
lighting  load  being  connected  between  two  outside 
wires.  In  this  case,  the  lighting  load  can  be  very 
easily  regulated,  while  no  attention  need  be  paid  to 
arc-light  or  motor  load,  as  that  is  supposed  to  take 
care  of  itself. 

CHARLES  F.  SCOTT 

It  is  a  significant  fact  that,  as  the  result  of  the 
evolution  which  has  taken  place  during  the  last  dozen 
years  in  electrical  systems  for  general  city  distribution, 
the  type  of  generator  that  is  most  widely  used  is  the 
polyphase  alternator.  This  is  the  case  whether  the 
current  is  to  be  used  ultimately  as  polyphase  alterna- 
ting current,  as  single-phase  alternating  current,  or  as 
direct  current,  either  for  incandescent  or  arc  lighting, 
for  stationary  motors  or  for  street-railway  ser\ice.  It 
has  not  been  an  unusual  thing  to  find  stations  in 
which  small  engines  drive  series-arc  machines  for  arc 
lighting ;  other  engines  drive  direct-current  generators 
for  2  2o-volt,  three-wire  lighting  and  power;  other 
engines  drive  500-volt,  direct-current  generators  for  rail- 
way service  or  stationary  power,  and  still  other  engines 
drive  alternators  for  furnishing  light  and  power  to 
outlying  districts.  In  the  modern  station  all  these 
different  kinds  of  electrical  activity  are  operated  from 
large  economical  engines  driving  polyphase  alternators. 

While  there  is  practical  unity  of  opinion  that  the 
generator    should    be    a    polyphase    alternator,    yet    the 
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conditions  which  determine  whether  a  given  alternator 
should  preferably  be  of  the  two-phase  or  of  the  three- 
phase  type  are  not  fully  understood.  The  question  is 
one  that  has  at  times  aroused  a  considerable  interest, 
and  in  the  discussion  which  has  taken  place  upon  the 
subject  the  ardor  of  the  advocates  has  sometimes  ex- 
ceeded their  technical  knowledge  of  the  subject.  In 
fact,  it  is  quite  likely  that  a  good  deal  of  the  discus- 
sion has  been  on  a  par  with  that  which  is  related  to 
have  taken  place  before  a  certain  village  council  where 
the  merits  and  shortcomings  of  various  electrical 
systems  were  definitely  set  forth  by  various  agents  who 
were  ready  to  close  contracts.  The  superior  merits  of 
the  **  quarter-phase "  system  had  been  eloquently  and 
convincingly  presented,  and  there  was  apparently  no 
field  remaining  for  anything  else.  The  next  gentle- 
man, however,  undaunted  by  what  had  preceded ,  him, 
expatiated  upon  the  superiority  of  the  ** two-phase" 
system,  explaining  its  superior  merits  and  how  far  it 
surpassed  the  claims  of  that  which  was  merely  quarter- 
phase,  and  he  was,  withal,  so  clear  and  convincing 
that  he  won  over  the  city  fathers  and  secured  the  con- 
tract. He  was,  however,  a  little  more  convincing  to 
others  than  to  himself,  for  he  immediately  inquired  of 
a  friend  to  know  just  wherein  lay  the  difference 
between  the  two-phase  and  quarter-phase  systems,  as 
there  was  something  there  that  he  did  not  quite  under- 
stand himself. 

There  seems  to  have  existed  in  the  minds  of  many 
a  conviction  that  one  or  another  so-called  ** system" 
possessed  superior  and  peculiar  excellence.  We  may 
discard  any  ideas  of  mysterious  merit  of  the  kind  that 
prevails  in  patent-medicine  literature.  The  choice 
between  the  two-phase  and  the  three-phase  systems 
should   he   made   along   other   lines   than    those  which 
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have  just  been  indicated.  It  is  presumable,  also,  that 
the  complete  answer  to  the  query  will  not  be  in  favor 
of  either  one  to  the  exclusion  of  the  other,  but,  as  in 
most  engineering  problems,  it  will  be  found  that  each 
side  has  its  own  characteristic  qualities,  which  adapt  it 
better  for  some  cases  than  the  other.  Each  has  its 
own  advantages.  Sometimes  the  conditions  are  such 
as  to  dictate  clearly  which  is  to  be  preferred ;  in  other 
cases  they  are  fairly  well  balanced,  so  that  it  is  difficult 
to  decide  just  which  is  best,  and  in  such  cases  no 
great  mistake  can  be  made  if  either  be  chosen. 

The    meaning   of   the  terms  single-phase,  two-phase 
and  three-phase  is  well  known.      A  simple    illustration 
may  be    cited   which    shows    the    relation    between  the 
several  arrangements.     If  two  exactly  similar  armatures 
for  delivering  single-phase  current  be  placed  with  their 
windings  exactly  in  line  upon  a  common  shaft,  and  if 
these    armatures    be   surrounded    by  similar   fields   that 
are  not  in  line,  but  have  the  poles  of  one  field  placed 
in  an  angular   position   midway  between    the    poles   of 
the  other  field,  then   the   single-phase  current  which  is 
delivered   by  the^ -[second  armature   alone  does  not  cor- 
respond in  its  time  or  phase  relation    with  that  of  the 
first  armature,  but  the  maximum  value  of  this  electro- 
motive force  will  occur  midway  between  the  maximum 
electromotive    forces   of    the    first  armature.     The    two 
single-phase   currents,  considered   together,  are   suitable 
for  supplying  a  two-phase   system.     If   instead  of  two 
armatures   and    fields   there   are  three,  with   the   arma- 
tures   in    line    and    the    fields    displaced    so    that    the 
angular  interval  between  field  poles  is  one-third  instead 
of   one-half    of   the    pitch    angle    between    two    poles, 
then  the  three   currents   having   their  maximum  values 
at   equal   intervals   are    suitable   for  supplying  a  three- 
phase    system.     An    analogy  between    the  single-phase, 
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two-phase    and    three-phase    currents    is    found    in    the 
single,  double  and  triple-crank  engines. 

The  choice  between  two-phase  and  three-phase  is  not 
dependent  so  much  upon  their  abstract  and  theoretical 
characteristics  as  it  is  upon  the  actual  differences  in 
the  characteristics  of  two-phase  and  three-phase  appa- 
ratus, which  may  exist  in  the  generators,  the  trans- 
formers, the  motors  and  in  other  apparatus.  For  ex- 
ample, with  certain  types  of  generators  there  may  not 
be  the  same  reason  for  choosing  one  number  of 
phases  that  there  may  be  with  another  type.  On  the 
other  hand,  as  current  may  be  used  in  one  way  in 
one  place  and  in  another  way  in  another  place,  it  may 
be  best  to  select  two-phase  generators  in  one  case 
and  three-phase  generators  in  the  other  case,  although 
the  two  generators  may  otherwise  have  substantially 
the  same  characteristics.  The  problem,  then,  is  to 
determine  what  differences  there  are  in  apparatus,  and 
in  its  operation  under  different  conditions,  between  the 
two-phase  system  and  the  three-phase  system,  and  to 
determine  which,  on  the  whole,  is  preferable  under 
given  conditions. 

Polyphase  load — as  distinguished  from  single-phase 
load — is  quite  indifferent  as  to  whether  the  current  be 
two-phase  or  three-phase.  That  is  to  say,  alternating- 
current  motors,  whether  induction  or  synchronous,  and 
rotary  converters  may  be  constructed  for  two-phase  or 
for  three-phase  without  any  appreciable  difference  in 
either  the  cost  or  the  performance  of  the  machines. 
Likewise,  alternators  which  supply  current  to  motors 
and  rotary  converters,  in  which  case  each  phase  is 
equally  and  similarly  loaded,  may  be  wound  for  either 
two-phase  or  three-phase  without  any  appreciable  dif- 
ference either  in  cost  or  in  performance.  It  follows, 
therefore,  that  when   polyphase   alternators  supply  cur- 
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rent  to  polyphase  apparatus,  any  choice  that  there  may 
be  between  two  phases  and  three  phases  must  be 
based  upon  features  that  lie  outside  of   the  machinery. 

The  transmission  circuit  is  the  important  additional 
element.  It  is  well  known  that  with  a  given  maximum 
electromotive  force  between  wires  a  given  power  can 
be  transmitted  over  three  wires  by  three-phase  cur- 
rent with  the  same  loss  that  occurs  with  four  wires 
when  two-phase  current  is  employed.  The  three-phase 
current,  therefore,  effects  a  saving  of  one  wire  or  25 
per  cent  over  two-phase.  The  relative  importance  of 
this  saving  depends  upon  circumstances ;  if  the  dis- 
tance be  long,  it  is  considerable ;  if  the  distance  be 
short,  it  may  be  a  matter  of  relative  insignificance. 

The  transformers  that  may  be  required  between 
apparatus  and  transmission  circuit  in  certain  ways  favor 
two  phases  and  in  other  ways  three  phases.  The  two 
transformers  for  a  two-phase  circuit  are  obviously  of 
less  cost  per  kilowatt  and  of  higher  efficiency  and 
closer  regulation  than  the  three  transformers  of  lesser 
size  which  would  usually  be  used  for  the  same  aggre- 
gate output  on  a  three-phase  circuit.  It  is  true  that 
two  transformers  on  two  phases  of  a  three-phase  circuit 
may  be  used,  but,  besides  the  objection  to  an  unsym- 
metrical  or  an  unbalanced  arrangement,  there  is  less 
effective   operation  of  the  transformers. 

For  supplying  current  to  a  three-phase  motor  or 
rotary  converter  by  two  tranformers  connected  on  two 
of  the  phases,  it  is  necessary  that  the  normal 
output  of  the  transformers  should  be  increased 
by  approximately  17  per  cent  above  what  would 
otherwise  be  required,  due  to  the  fact  that 
the  two  transformers  do  not  operate  efficiently  for 
delivering  current  to  the  third  phase.  For  example, 
if    600   kilowatts   were   to    be   delivered,  three   200-kw 
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transformers,  one  on  each  phase,  would  be  the  ordi- 
nary arrangeitient.  If  only  two  transformers  were  used, 
300  kilowatts  each  would  be  the  required  output  if 
the  transformers  operated  effectively,  but  when  they 
are  connected  on  two  of  the  phases  the  size  should 
be  increased  by  17  per  cent,  making  about  350  kilo- 
watts. In  other  words,  each  of  the  two  transformers 
for  supplying  one-half  of  600  kilowatts,  when  con- 
nected to  two  of  the  phases  of  a  three-phase  circuit, 
has  currents  flowing  in  its  coils  that  are  equal  to  those 
which  would  flow  if  the  transformer  delivered  350 
kilowatts  to  a  single-phase  circuit.  It  may  be  observed 
that  if  three  transformers,  each  of  200  kilowatts,  one 
on  each  phase,  are  arranged  for  normally  delivering 
600  kilowatts,  and  if  one  of  the  transformers  is  out 
of  service,  the  other  two  can  deliver  power  to  a  three- 
phase  circuit,  although  the  output  will  be  reduced  to 
less  than  400  kilowatts,  namely,  about  350  kilowatts, 
or  60  per  cent  of  the  output  of  the  three  transformers. 
These  transformer  relations  are  not  of  very  great  im- 
portance and  in  general  do  not  determine  the  choice 
between  one  system  or  the  other. 

Switches  and  switchboard  instruments  differ  slightly 
for  two-phase  and  for  three-phase  circuits.  In  one 
case  switches  for  four  wires  are  required  and  in  the 
other  case  switches  for  three  wires  are  usually  suffi- 
cient ;  although  when  the  three  transformers  on  a 
three-phase  circuit  are  to  be  cut  out  individually,  each 
transformer  requires  a  double-pole  switch,  so  that  six 
instead  of  three  wires  require  switches. 

Measuring  instruments  are  usually  simpler  and  more 
straightforward  in  their  indications  on  a  two-phase 
circuit  than  on  a  three-phase  circuit.  The  readings  of 
current  and  power  on  a  two-phase  circuit  consisting  of 
two  parts  which  are  fairly  independent  of  one  another, 
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are  much  to  be  preferred,  particularly  for  those  who 
are  not  skilled  in  the  theory  of  alternating-current 
measurements. 

In  conclusion,  therefore,  when  polyphase  load — 
such  as  motors  or  rotary  converters — is  to  be  served, 
the  most  important  item  in  making  a  choice  between 
the  two  systems  lies  in  the  transmission  circuit ;  and 
the  saving  of  conductors  by  the  use  of  the  three- 
phase  system  renders  its  selection  advisable  in  most 
cases. 

Single-phase  load — such  as  is  common  with  incan- 
descent lighting  and  arc  lighting — involves  considera- 
tions that  do  not  apply  to  polyphase  loads.  When  the 
several  circuits  from  a  polyphase  alternator  supply 
independent  single-phase  circuits,  these  circuits  are 
liable  to  be  unequally  loaded.  The  effect  of  unequal 
loads  upon  the  several  phases  is  that  the  voltages  on 
the  different  phases  will  differ.  In  general,  the  single- 
phase  circuits  are  used  for  lighting,  in  which  it  is 
particularly  desirable  that  constant  voltage  should  be 
maintained. 

The  voltage  on  a  single-phase  machine  may  be 
controlled  and  properly  adjusted  by  means  of  a  rheo- 
stat in  the  field  circuit  of  an  alternator.  In  the  same 
way  the  voltage  of  a  polyphase  alternator  may  be 
raised  or  lowered,  but  changes  in  the  field  obviously 
do  not  afford  a  means  of  independent  adjustment  of 
the  voltage  on  the  several  phases  or  circuits  of  the 
armature.  Variations  in  the  field  current  will  produce 
corresponding  variations  in  the  voltage  on  all  of  the 
circuits.  For  this  reason  it  is  important  that  unequal 
load  on  the  several  circuits  should  produce  as  small  a 
difference  in  voltage  as  is  possible. 

In  a  two-phase  alternator  the  voltage  on  each 
phase  is  nearly  independent  of  the  load  on  the  other 
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phase.  Consequently,  a  change  in  load  on  one  phase 
has  but  little  effect  upon  the  voltage  of  the  other 
phase.  In  a  three-phase  alternator,  on  the  other  hand, 
load  on  one  phase  does  affect  the  voltage  on  the 
other  phases.  One  of  the  peculiarities  of  this  inter- 
relation is  that  a  change  of  load  on  one  phase  acts 
differently  on  the  voltages  of  the  other  two  phases, 
usually  raising  one  and  lowering  the  other.  Again, 
when  one  phase  is  not  loaded  and  two  of  the  phases 
are  equally  loaded,  the  voltages  on  the  latter  are  not 
equal,  but  may  differ  considerably.  A  change  in  the 
load  of  one  phase  generally  affects  the  voltage  of  each 
of  the  other  phases,  and  affects  them  unequally. 

The  importance  of  the  foregoing  considerations  de- 
pends to  a  large  extent  upon  the  regulation  character- 
istics of  the  alternator  itself.  The  percentage  by  which 
the  voltage  of  an  alternator  increases  when  load  is 
thrown  off  (the  speed  and  field  excitation  remain- 
ing constant)  is  termed  its  inherent  regulation.  The 
closer  the  inherent  regulation  of  an  alternator,  the 
less  is  the  difference  in  voltage  between  the  several 
phases  when  they  are  unequally  loaded.  It  follows, 
therefore,  that  close  inherent  regulation  is  particularly 
desirable  where  unbalanced  loads  are  likely  to  occur. 
An  alternator  of  very  poor  inherent  regulation,  which 
might  suffer  a  change  in  voltage  of  20  or  30  per  cent 
when  load  is  removed,  may  be  compensated  by  auxil- 
iary external  means  for  adjusting  the  field  current  so 
that  the  voltage  will  be  constant  for  small  loads  and 
for  heavy  loads.  It  is  necessary,  however,  that  the 
several  circuits  from  such  a  polyphase  alternator  be 
equally  loaded,  and  it  is  impossible  by  any  kind  of 
field  regulation  to  secure  equal  voltages  when  the  cir- 
cuits are  unequally  loaded.  This  type  of  machine, 
therefore,  is  one  that   is   not  at  all   suited  to  the  inde- 
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pendent  loading  of  the  several  circuits,  such  as  is  com- 
mon in  stations  that  have  single-phase  circuits  for  in- 
candescent and  arc  lighting.  It  may  be  remarked, 
also,  that  machines  of  this  type  are  quite  inferior,  even 
for  polyphase  work,  in  service  where  the  loads  are 
subject  to  rapid  fluctuations,  as  machines  of  this  type 
are  not  apt  to  regulate  quickly.  Machines  of  very 
poor  inherent  regulation,  moreover,  are  not  to  be 
recommended  for  supplying  current  to  rotary  con- 
verters, as  in  some  cases  rotary  converters  will  hunt 
and  will  not  operate  satisfactorily  when  supplied  with 
current  from  generators  of  this  .  class ;  whereas  they 
will  operate  satisfactorily  from  generators  having  close 
inherent  regulation. 

Unbalanced  load  is  therefore  a  much  more  serious 
matter  with  generators  of  poor  inherent  regulation 
than  it  is  with  generators  of  good  inherent  regulation, 
and  it  is  desirable,  in  selecting  machines,  to  choose 
those  which  have  good  inherent  regulation.  When 
this  is  obtained  there  is  less  reason  for  preferring  a 
two-phase  machine  instead  of  a  three-phase  machine 
than  there  is  in  those  cases  where  the  inherent  regu- 
lation is  not  so  good.  The  inherent  regulation  of 
small  alternators  is  not  so  good  as  that  of  large 
alternators.  Alternators  of  a  lookw  output  do  not  in 
general  have  as  good  inherent  regulation  as  those  of  a 
i,ooo-kw  output.  It  follows,  therefore,  that  stations 
employing  large  generators  may  be  able  without  great 
inconvenience  to  use  three-phase  generators,  although 
smaller  stations  could  be  operated  to  better  advantage 
with  two-phase  generators  for  the  unbalanced  loads 
which  they  may  have  to  accommodate. 

The  division  of  a  number  of  single-phase  circuits 
between  the  two  phases  of  a  two-phase  generator  is 
more  readily  and  simply  accomplished  than  the  division 
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among  the  three  phases  of  a  three-phase  generator. 
This  is  a  matter  of  some  imf)ortance,  particularly  in 
connection  with  small  stations. 

Single-phase  lighting  circuits  may  be  operated  from 
one  phase  only  of  polyphase  alternators.  The  other 
phases  may  remain  idle,  or  may  supply  other  kinds  of 
load  where  exact  regulation  is  not  of  great  import- 
ance, such,  for  example,  as  arc  lighting;  or  all  the 
phases  of  the  alternator  may  supply  current  to  poly- 
phase load.  Under  these  conditions  the  field  current 
may  be  adjusted  to  give  the  proper  voltage  on  one  of 
the  phases  without  respect  to  other  voltages. 

When  one  phase  only  of  a  polyphase  alternator  is 
loaded,  the  output  is  less  than  when  all  phases  carry 
an  equal  portion  of  the  load.  The  load  that  may  be 
carried  on  one  phase  is  dependent  in  most  cases  upon 
the  temperature.  If  the  heat  in  an  armature  coil  is 
confined  by  the  insulation  so  that  it  is  not  readily 
conducted  away,  then  the  current  permissible  in  this 
coil  is  not  dependent  upon  the  current  in  other  coils. 
Therefore,  no  coil  on  an  armature  of  this  kind  should 
carry  more  current  when  other  coils  are  idle  than  it 
does  when  all  coils  carry  their  normal  current.  On 
the  other  hand,  if  the  heat  in  the  coils  on  an  armature 
is  readily  communicated  to  the  armature,  so  that  the 
temperature  of  a  coil  is  determined  by  the  total  heat 
in  the  armature  rather  than  by  that  in  the  coil  itself, 
then  it  is  permissible  to  have  more  than  the  normal 
current  in  such  a  coil  when  other  coils  are  idle. 
There  are,  therefore,  two  different  methods  of  deter- 
mining the  heating  in  a  polyphase  armature  with 
single-phase  load,  which  apply  to  different  types  of 
machines.  Actual  armatures  will  be  found  to  lie 
between  these  limits,  some  approximating  one  limit 
and  some  the  other  limit. 
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The  output  of  polyphase  armatures  when  delivering 
current  on  one  phase  only  as  compared  with  the 
normal  polyphase  output  when  all  the  circuits  are 
equally  loaded,  determined  under  the  condition  that 
no  coil  carries  more  than  its  normal  current,  is  as 
follows : 

Three-phase,  closed-coil  winding  (delta) ....  50  per  cent 

Three-phase,  open-coil  winding  (star) 58  per  cent 

Two-phase,    open-coil  winding . .    50  per  cent 

Two-phase,    closed-coil  winding 71   per  cent 

In  the  closed-coil  windings  of  both  the  three-phase 
and  the  two-phase  armatures,  all  of  the  coils  carry 
current  when  single-phase  current  is  delivered,  whereas, 
in  the  open-coil  armatures  a  part  of  the  coils  are  idle 
when  single-phase  current  is  delivered. 

The  output  of  polyphase  armatures  when  delivering 
current  on  one  phase  only,  as  compared  with  the 
normal  polyphase  output  when  all  circuits  are  equally 
loaded,  determined  under  the  condition  that  the  total 
heating  in  the  armature  conductors  is  the  same  in 
both  cases,  is  as  follows : 

Three-phase,  closed  or  open-coil   winding  ..71   per  cent 
Two-phase,  open  or  closed-coil   winding  ...71   per  cent 

When  one  phase  only  is  in  action,  and,  conse- 
quently, also  when  there  is  considerable  unbalance 
between  loads  on  the  several  phases,  the  above  rela- 
tions show  that  when  the  same  maximum  heating  in 
individual  coils  is  taken  as  a  basis  for  comparison,  the 
two-phase,  closed-coil  winding  possesses  marked  superi- 
ority over  the  others. 

When  the  total  heat  produced  in  the  armature 
windings  is  considered,  the  several  types  of  winding 
are  found  to  be  on  a  par,  although  the  two-phase, 
closed-coil  winding  still  possesses  an  advantage  in  that 
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the  heating  is  equally  distributed  through  all  the  wind- 
ings, while  in  the  other  cases  some  of  the  coils  are 
entirely  idle,  or  carry  only  a  small  current,  while  other 
parts  of  the  winding  carry  more  than  their  normal 
current. 

The  transmission  circuit  must  also  be  considered 
when  unbalanced  loads  are  to  be  carried  by  a  poly- 
phase generator.  The  circuits  from  a  two-phase  gener- 
ator may  be  run  independently  of  one  another,  having 
separate  wires  without  mutual  induction  between  the 
circuits.  A  greater  or  less  current  in  one  circuit  does 
not  directly  affect  the  voltage  of  a  second  circuit. 
The  three  circuits  from  a  three-phase  generator  like- 
wise do  not  affect  one  another,  provided  each  circuit 
has  its  own  separate  conductors,  so  that  with  three 
feeders,  one  from  each  of  the  three  phases,  each  has 
its  own  two  wires,  thereby  making  six  wires  in  all, 
and  effecting  no  saving  in  copper  over  two  feeders. 
On  the  other  hand,  in  the  three-phase,  three-wire 
circuit  the  current  flowing  to  the  load  on  each  phase 
affects  the  voltage  in  each  of  the  three  phases.  As 
the  several  phases  use  common  wires,  the  ohmic  drop 
caused  by  the  current  in  one  circuit  affects  the  voltage 
in  the  other  circuits.  Moreover,  the  current  in  each 
pair  of  wires  acts  as  a  primary  current  which  sets  up 
a  secondary  electromotive  force  in  each  of  the  other 
pairs  of  wires.  Current  flowing  in  wires  A  and  B  of 
a  three-phase  circuit  induces  electromotive  forces  in 
circuits  B  and  C  and  also  in  C  and  A.  In  a  two- 
phase,  four-wire  system,  the  two  phases  may  be  sepa- 
rated or  one  circuit  may  be  transposed  so  that  no 
electromotive  force  is  induced  in  one  from  the  other. 
Such  an  arrangement  is  obviously  impossible  in  the 
three-phase,  three-wire  circuit,  as  the  wires  are  com- 
mon to    the    several    circuits.     The   magnetic   field   set 
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up  by  current  in  one  pair  of  wires  must  necessarily 
pass  through  the  area  between  each  of  these  wires  and 
the  third  wire,  thereby  causing  electromotive  forces  to 
be  induced.  The  electromotive  forces  which  are  in- 
duced in  the  other  two  phases  are  not  equal  in  effect. 
In  one  circuit,  the  voltage  is  usually  increased,  and  in 
the  other  circuit  it  is  diminished,  thereby  tending  to 
inequality  and  unbalance. 

The  consequence  of  this  close  inter-relation  between 
phases  is  that  a  change  of  load  on  one  phase  affects 
the  drop  in  each  of  the  other  phases,  and  by  unequal 
amounts.  For  this  reason,  very  great  precautions  are 
sometimes  taken  to  avoid  unbalanced  load.  The  three 
wires  of  the  three-phase  circuit  are  carried  throughout 
the  whole  system,  and  incandescent  lamps  are  grouped 
in  threes,  one  on  each    phase. 

Feeder  regulators,  consisting  usually  of  transformers 
of  variable  ratio,  by  which  the  voltage  may  be  raised 
or  lowered,  are  in  general  use.  Such  a  regulator  on  a 
single-phase  feeder  from  a  two-phase  or  a  three-phase 
alternator  may  raise  or  lower  the  voltage  of  that  feeder 
without  affecting  the  voltage  on  other  feeders.  On  a 
three-phase,  three-wire  feeder,  however,  a  regulator  in 
one  phase  does  not  limit  its  action  to  that  phase  only, 
but  affects  one  or  both  of  the  other  phases.  If  such 
a  feeder  has  regulators  in  each  of  the  three  phases,  it 
is  obvious  that  skillful  manipulation  of  the  try,  try 
again  kind  is  necessary  to  obtain  proper  voltages  on 
each  of  the  phases  on  which  the  loads  are  independ- 
ently varying,  as  a  change  of  any  regulator  affects 
more  than  one  voltage. 

The  regulation  of  a  group  of  three  transformers, 
connected  either  in  delta  or  in  star,  is  in  a  measure 
similar  to  that  of  a  three-phase  line,  as  the  drop  in 
voltage  in  the   secondary    of    each    phase  is  dependent 
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upon   the    current    in    the   other   phases   as    well  as  in 
itself. 

It  is  this  intimate  inter-relation  between  phases, 
and  the  somewhat  erratic  changes  in  voltage  on  all 
phases  when  current  changes  in  one  phase  due  to  inter- 
relation in  generator,  in  circuits  and  in  transformers, 
which  constitutes  the  principal  reason  for  preferring 
two  phases  where  single-phase  lighting  is  to  be 
operated. 

The  transformation  from  two-phase  to  three-phase 
and  vice  versa  by  a  main  and  a  teaser  transformer,  is 
interesting  to  consider  in  relation  to  regulation.  If 
two-phase  circuits  are  supplied  from  transformers,  there 
is  substantially  the  same  independence  between  phases 
whether  the  alternator  and  transmission  circuit  be  two- 
phase  or  three-phase.  That  is  to  say,  a  three-phase 
alternator  and  a  three-phase  line  regulate  as  a  two- 
phase  generator  and  a  two-phase  line  if  the  load  be 
on  two-phase  circuits.  The  advantages  of  three  phases 
may  therefore  be  secured  in  transmission,  while  two 
phases  are  employed  in  distribution.  In  some  long- 
distance transmission  plants  the  three-phase  current  is 
used  as  three-phase  current  for  polyphase  power,  such 
as  rotary  converters,  and  is  transformed  to  two-phase 
current  for  lighting  distribution. 

The  importance  which  attaches  to  the  unbalance 
of  voltage  between  different  phases  and  the  effect  of 
load  upon  one  phase  upon  the  voltage  on  other 
phases,  is  obviously  dependent  upon  the  difference  in 
voltage  that  will  be  produced  under  operating  con- 
ditions. This  in  turn  depends  quite  largely  upon  the 
size  and  output  of  generator.  The  closer  the  inherent 
regulation  of  the  generator,  the  less  will  be  the  un- 
balanced condition.  Again,  the  difference  in  voltage 
depends  upon  the  amount,  of  unbalanced  load.     If  the 
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conditions  are  such  that  the  amount  of  unbalanced 
load  is  relatively  small,  or  if  a  good  proportion  of  the 
load  is  polyphase  load  which  will  be  balanced,  then 
the  difference  in  voltage  will  be  small.  It  is  further 
to  be  noted  that  polyphase  motors  and  rotary  con- 
verters have  an  inherent  tendency  to  equalize  the 
voltages  of  the  several  phases.  As  generators  of  small 
size  have  relatively  poor  inherent  regulation,  it  is 
desirable  that  when  such  machines  are  to  be  used  for 
supplying  single*phase  lighting  circuits  they  be  made 
of  the  two-phase  type.  Attention  has  already  been 
called  to  the  fact  that  if  single-phase  circuits  are  run 
from  the  several  phases  of  a  three-phase  machine 
instead  of  employing  three-wire  circuits,  there  is  no 
gain  in  copper  in  the  transmission  circuits  over  what 
would  be  secured  if  single-phase  or  two-phase  gener- 
ators were  used. 

A  further  matter  has  not  yet  been  given  consider- 
ation. It  is  the  method  of  running  secondary  circuits 
for  serving  both  light  and  power.  Circuits  of  this 
kind  will  in  general  be  operated  from  larger  plants. 
In  small  towns  the  service  is  usually  distributed 
directly  from  transformers  without  secondary  mains, 
and  in  general  separate  transformers  are  supplied  with 
motors. 

There  are  several  arrangements  of  three-phase  and 
of  two-phase  circuits,  either  of  which  may  be  used 
for  secondary  distribution.  For  lighting  alone  it  is 
probable  that  the  single-phase,  three-wire  circuit  giving 
approximately  no  and  220  volts  is  the  simplest  and 
most  acceptable.  For  the  motor  service  a  three-phase, 
three-wire  circuit  would  be  the  simplest. 

In  one  large  plant  which  uses  secondary  mains 
the  current  is  wholly  two-phase.  Lighting  is  done  on 
one   phase   of    a    secondary   circuit,  this    phase    having 
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three  wires  giving  220  volts  across  the  outside  wires 
and  1 10  volts  between  the  middle  wire  and  the  out- 
side wires.  Two  outside  wires  supply  current  to  one 
phase  of  induction  motors,  and  the  other  phase  is 
obtained  from  one  of  the  same  wires  and  an  addi- 
tional or  fourth  wire.  The  motors  are,  therefore, 
operated  on  a  two-phase,  three-wire  circuit.  This  type 
of  circuit  has  some  disadvantages,  but  on  the  whole 
this  method  has  been  found  quite  satisfactory.  This 
arrangement  approximates  the  circuits  above  proposed, 
i.  e.,  no  and  220  volts  single-phase  for  operating 
lights  and  a  three-wire  circuit  for  operating  motors, 
the  latter  circuit  being  two-phase  instead  of  three- 
phase. 

In  another  two-phase  plant  each  of  the  two  phases 
has  three  wires,  and  the  middle  wire  in  the  two  phases 
is  common.  There  are,  therefore,  five  wires,  one  of 
which  is  a  common  neutral  to  the  two  phases,  and  the 
voltage  between  it  and  each  of  the  other  wires  is  1 1  o. 
Either  of  two  three-wire,  single-phase  circuits  is  there- 
fore available  for  lighting,  and  the  four  outside  wires 
are  available  for  the  operation  of  two-phase  motors. 

Three-phase  secondary  circuits  may  be  operated  at 
220  volts,  with  a  neutral  wire  which  differs  in  voltage 
from  each  of  the  others,  being  approximately  125. 
Motors  may  be  connected  to  the  three  main  wires 
and  lights  between  the  neutral  and  other  wires. 

Other  arrangements  of  secondary  circuits  for  com- 
bining light  and  power  may  be  used.  In  general, 
each  has  characteristics  which  render  it  well  suited  for 
some  conditions  and  not  well  adapted  to  others. 
There  is  no  single  plan  which  is  a  specific  for  all  con- 
ditions. In  general  it  is  for  the  engineer,  after  a 
careful  consideration  of  the  characteristics  of  the  ap- 
paratus and  the  requirements  of   the    service,  to   deter- 
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mine  what   is    best  adapted    to   meet  the  conditions  in 
the  different  cases  which  arise. 

DISCUSSION 

The  President:  Are  there  any  questions  or 
comments  on  these  papers? 

Mr.  Behrend  :  Mr.  President  and  gentlemen: 
I  can  not  refrain  from  expressing  my  appreciation  of 
the  views  that  Mr.  Scott  has  laid  before  you.  I  feel 
especially  gratified  that  the  views  presented  by  so 
high  an  authority  should  so  closely  coincide  with  my 
own  ideas  on  the  subject.  As  my  paper  was  very 
short,  I  will  take  the  opportunity  of  commenting  on 
a  few  points  that  Mr.  Scott  brought  out  in  his  paper. 
I  find  that  Mr.  Scott  agrees  with  me  that  small 
machines  should  be  single-phase ;  larger  machines, 
two-phase,  and  still  larger  machines,  three-phase.  As 
regards  three-phase  machines,  I  wish  to  emphasize  a 
point  which,  perhaps.  I  did  not  bring  out  clearly 
enough.  By  a  three-phase  distribution,  I  have  always 
understood  a  three-phase,  four-wire  system  ;  of  course, 
only  for  lighting  distribution.  There  is  one  point 
that  I  think  might  be  of  general  interest  to 
you  gentlemen  here,  and  that  is  the  question  of 
margins  in  generators  and  the  question  of  inherent 
regulation.  We  designers  of  alternating  current  know 
that  the  question  of  regulation  determines  not  only 
the  design  of  the  machine,  but  also  the  cost  of  the 
machine.  In  the  specifications  that  we  receive  for 
generators,  it  often  happens  that  a  regulation  is 
specified  in  a  manner  that  it  is  next  to  impossible  to 
check  up  by  experiment.  For  instance,  if  you  build 
a  generator  like  the  one  being  installed  here  by  my 
company — a  unit  of  3,000  kilowatts,  60  cycles,  4,000 
volts — it    is   extremely    difficult,  if   not    impossible,  to 
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make  a    full-load    test    on    a    non-inductive    resistance. 
You   can    not   obtain   a   non-inductive  resistance  large 
enough    to    dissipate    3,000    kilowatts,    therefore    you 
can  not  get  accurate  measurements.     You  have  to  fall 
back    on  a  water    resistance,    which    is    unreliable  on 
account  of  the  polarization,  which  acts  like  a  capacity, 
and  therefore   your    voltage    drop    comes    out    smaller 
than  it  actually  is ;    and   such  a  test    is  apt  to  deceive 
anyone  who   is   not   perfectly  familar  with  alternating- 
current  work.     The    question    then    arises,  how    can  a 
customer  protect  himself  against  getting  machines  that 
do  not  comply,  as  regards   regulation,  with    the  speci- 
fications   he    has    sent    out?     I    should    say    that    any 
specifications  should  specify,  not  only  the  volts  in  per 
cent — that  is,  not  only  the  rise  in  voltage — but  should 
also  specify  the  short-circuit   current   of   the  generator 
for    full    normal    excitation     or    for    normal    no-load. 
The  short-circuit  current  is  the  better  check ;  although 
I    do    not    wish    to    say   that   it   is  a    perfect   check ; 
but    it    is    better    than  .anything    else    for    the    detep 
mination     of     your     voltage      drop     and     regulation. 
There   are    some    interesting    illustrations    of    what    I 
have     said,     which     may     be     of     interest     to     you. 
When  you  go  to    New  York,   if   you  visit   the   grand 
stations  that  have  been  installed  by  the  General  Elec- 
tric  Company  ^nd   the    Westinghouse   Company,  you 
will  be  able    to    make    some    interesting   comparisons. 
The   generators   of   the    Metropolitan    Street    Railway 
Company  are  rated   at    3,500  kilowatts,  at    75   revolu- 
tions.    The   generators   have   an   overload   capacity  of 
1,000   kilowatts,   according    to    Mr.    Steinmetz's    state- 
ment, and   you  might   consider  them  4,500-kw  gener- 
ators working  on  a  system  of  synchronous  converters. 
There    is    another    plant    in    course    of    construction, 
several    units   of    which   have    been   installed,   certainly 
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the  grandest  station  in  the  whole  world ;  the  sta- 
tion being  built  by  the  Westinghouse  Company  for 
the  Manhattan  Railway  Company.  The  units  are 
rated  from  5,000  kilowatts  up  to  7,500,  and  any 
visitor  to  the  New  York  stations,  who  sees  these 
plants,  will  draw  a  parallel  between  the  generators  in 
the  two  plants,  viz.:  the  tremendously  large  Westing- 
house  generators  and  the  small  General  Electric  gen- 
erators. The  reason  for  the  different  sizes  of  the  two 
machines  is  that  the  Westinghouse  generators  have 
close  regulation  and  the  General  Electric  have  not. 
This  may  not  be  a  fault  in  the  General  Electric  gen- 
erators, as  I  do  not  agree  with  Mr.  Scott  that  close 
regulation  is  absolutely  essential ;  but  if  you  have  a 
load  of  rotary  converters  that  are  slightly  over-excited, 
then  the  question  of  regulation  is  unimportant.  My 
intention  is  not  so  much  to  call  attention  to  differ- 
ences in  design  as  to  draw  your  attention  to  the 
absolutely  essential  fact  of  stating  what  regulation 
you  want  to  have  on  your  generators,  and  how  that 
regulation  is  to  be  tested  when  it  comes  to  making 
the  actual  test. 

Now,  in  regard  to  the  question  of  margin.  If  a 
man  buys  a  steam  engine  of  2,000  horse-power  to 
drive  his  mill,  he  expects  that  at  certain  periods  he 
may  be  capable  of  using  that  2,000-bp  engine  as  a 
3,000-hp  engine  for  a  short  period ;  in  other  words, 
he  expects  a  margin  of  power.  This  point  is  only 
slowly  being  understood.  Our  esteemed  president  has 
some  of  our  three-phase  generators  in  his  station  at 
Denver,  rated  at  600  kilowatts,  at  400  revolutions. 
In  the  Denver  station  the  overload  that  comes  on 
these  generators  at  night  is  very  great ;  as  the  gener- 
ators are  at  present  operated  as  single-phase  machines, 
the  load  goes   up   to    700   kilowatts  during  the    peak. 
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and  I  was  much  pleased  to  hear  that  our  generators 
pulled  that  load  all  right.  The  point  I  am  making  is 
this :  the  armature  of  the  machine  should  be  so 
designed  that  it  can  stand  these  large  overloads  for 
short  periods.  High-peripheral-speed  machines,  pro- 
ducing good  fan  effect,  can  be  built  with  a  regulation 
between  six  and  eight  per  cent  without  a  temperature 
rise  of  more  than  30  degrees.  These  points  are 
important,  and  I  think  you  will  excuse  me  for  calling 
attention  to  them,  because  as  a  designer  of  machines 
I  have  had  experience  along  these  lines,  and  it  seems 
to  me  that  it  is  the  duty  of  the  designer  to  let  you 
on  this  occasion  profit  by  his  experience,  especially  as 
your  president  has  done  me  the  honor  of  calling  upon 
me  to  address  you  to-day. 

The  President  :  We  will  ask  Mr.  Scott  to  close 
the  discussion.  Are  there  any  further  comments  or 
remarks  ? 

Mr.  Junkersfeld  (Chicago):  In  this  interesting 
and  able  discussion  there  is  one  point  that  comes  to 
mind  which  is  of  vital  interest  to  central-station  men 
— the  men  that  have  to  take  the  responsibility  for  a 
large  investment  and  have  to  make  returns  on  that 
investment.  In  the  installation  of  a  new  system,  or 
the  reconstruction  or  modernizing  or  consolidating  of 
one  or  more  old  systems,  the  prime  consideration  in 
each  case  will  be,  which  system  will  have  the  greatest 
earning  power  for  a  given  investment  ?  The  two  gen- 
tlemen who  have  just  spoken  agree  that  in  the  lar- 
gest installations  three-phase  is  preferable.  In  the 
smaller  installations,  it  is  claimed  that  two-phase  is 
equally  good.  This  may  be  true  when  compared 
with  the  three-wire,  three-phase.  In  most  cases,  how- 
ever, I  do  not  believe  that  it  is  true  when  compared 
with  the  four-wire,  three-phase.     We   are  operating   in 
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Chicago  a  four-wire,  three-phase  system  of  primary 
distribution,  which  at  the  generator  gives  2,300  volts 
between  neutral  and  any  one  of  the  outside  terminals 
and  4,000  volts  between  any  two  of  the  outside  ter- 
minals. The  first  generators  for  such  a  system  were 
installed  about  three  years  ago.  The  satisfaction 
given  has  been  such  that  the  Commonwealth  Electric 
Company,  of  Chicago,  has  since  then  adopted  this 
system  for  its  entire  territory,  and  will  in  a  few 
months  have  about  5,000-kw  capacity  installed.  We 
have  found  that  this  system  is  well  adapted  for  carry- 
ing single-phase  lighting  on  standard  transformers  hav- 
ing 2,080-volt  primaries.  Such  a  lighting  circuit  con- 
sists of  the  neutral  and  one-phase  wire.  In  order  to 
carry  power  business  in  close  proximity  to  such  sin- 
gle-phase lighting,  it  is  only  necessary  to  run  two 
additional  wires  for  bringing  out  the  other  two  phases 
from  generator.  We  then  have  lighting  transmis- 
sion at  2,300  volts  and  power  transmission  at 
4,000  volts,  with  one  wire  of  original  lighting  cir- 
cuit used  for  both  transmissions.  Motors  can  thus 
be  operated  in  connection  with  lighting  circuits  for 
very  much  less  copper  investment  than  with  two- 
phase  systems.  There  are  two  voltages  available  from 
the  same  generator  and  we  use  the  higher  for  three- 
phase  transmission  motors.  The  heavy  starting  cur- 
rents of  induction  motors  requiring  full  torque  are, 
therefore,  correspondingly  less,  and  give  no  trouble 
on  the  lighting  circuits.  It  is  also  a  great  advantage 
to  be  able  to  use  the  higher  voltage  either  for  single- 
phase  or  for  three-phase  transmission  to  more  distant 
localities,  and  thus  over  a  larger  territory.  For  first- 
class  service,  independent  feeder  regulators  are  neces- 
sary in  any  case,  with  either  two-phase  or  three-phase. 
The   central-station    man,  even    if   present   business 
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is  small,  must  be  ready  eventually  to  take  any  busi- 
ness that  comes  his  way.  His  ambition  should  be  to 
build  up  a  larger  business,  and  in  planning  new  in- 
stallations he  should  look  ahead,  even  at  a  little  tem- 
porary sacrifice.  I  believe  that  the  four-wire,  three- 
phase  can  be  placed  at  least  on  an  equal  basis  with 
the  two-phase  for  small  installations  as  well  as  for 
large  installations. 

Mr.  Bertrand  (Peoria,  111.) :  The  matter  re- 
ferred to  comes  in  connection  with  three-phase  sec- 
ondary distribution,  using  four  wires,  as  has  been 
noted  here,  connecting  motors  to  the  three  outside 
wires,  and  lights  to  either  of  the  three  outside  wires 
and  neutral  wire.  It  is  cumbersome,  however,  to  use 
single-phase  transformers,  as  it  is  necessary  to  use  a 
greater  number  of  small  units. 

Mr.  Kelsch  :  We  have  in  Montreal  eight  i,ooo- 
kw,  three-phase,  6o-cycle  generators  operated  in  mul- 
tiple on  a  three-wire,  three-phase  system.  We  are 
using  three-phase  induction  motors,  and  we  have  no 
more  difficulty  in  balancing  our  three-phase  system 
than  is  encountered  in  three-wire  Edison  system.  We 
consider  that  the  three-phase  motor  has  an  advantage 
in  being  operated  from  three  transformers.  In  the 
event  of  one  transformer  failing,  the  two  remaining 
transfomers  can  be  readily  connected  up  so  that  the 
service  is  re-established  in  a  very  short  time.  We 
have  no  difficulty  in  our  lighting  work.  Where  we 
have  large  lighting  installations  of  2,000  to  5,000 
lights,  we  divide  this  load  up  on  the  three-phase 
system  by  supplying  three-phase,  two-phase  trans- 
formers. We  are  operating  all  classes  of  electrical 
apparatus,  including  rotary  converters,  induction  mo- 
tors from  one-half  to  400-kw  capacity,  and  synchro- 
nous motors   of    150-kw  capacity.     We    consider  that 
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the  three-phase  has  additional  advantages,  aside  from 
the  saving  of  copper,  consisting  in  reducing  the  num- 
ber of  wires  required  on  the  pole  lines,  which  is  an 
important  item  in  a  crowded  city. 

The  President  :  Shall  we  hear  from  you  now, 
Mr.  Scott? 

Mr.  Scott  :  I  think  the  fact  that  the  central- 
station  men  are  telling  what  they  are  using  and  how 
they  like  it,  is  valuable,  and  if  there  are  others  who 
will  speak,  I  suggest  that  they  be  called  upon. 

The  President  :  The  idea  in  this  discussion, 
gentlemen,  was  to  get  one  man  to  represent  the 
three-phase  side  and  another  man  to  represent  the 
tworphase  side.  We  asked  Mr.  Scott  to  take  the 
two-phase  side.  He  did  not  care  to  do  that,  but 
wanted  to  tell  the  advantages  of  both.  We  asked 
him  to  lay  stress  on  the  two-phase  side,  to  see  if  we 
could  not  have  a  discussion.  I  think,  as  the  discus- 
sion now  stands,  no  one  would  go  away  with  any 
clear  idea  as  to  whether  we  should  use  two-phase  or 
three-phase,  and  none  of  us  will  have  changed  his 
mind  at  this  juncture.  If  there  is  anyone  who  has 
distinct  views  on  the  use  of  two-phase  as  against  the 
three-phase,  we  shall  be  glad  to  hear  from  him. 

Mr.  Gossler:  In  regard  to  the  two-phase  distri- 
bution, I  may  say  that  we  are  supplying  from  our 
general  system,  operated  from  generators  running  in 
parallel,  about  150,000  incandescent  lamps  and  some- 
where in  the  neighborhood  of  10,000  horse-power;  all 
from  the  same  distribution  system.  We  pay  very  little 
or  no  attention  to  dividing  the  load  equally  between 
the  phases;  we  practically  give  it  no  consideration 
whatever. 

Mr.  Holmes  (Newton,  Mass.)  :  We  are  operating 
a  two-phase  system   as   single-phase   and    we    have    no 
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trouble.  We  do  not  pay  much  attention  to  the 
balancing  up,  and  do  not  think  we  need  do  so.  We 
operate  small  single-phase  induction  motors  on  separate 
transformers  on  lighting  circuits  and  also  operate  four 
or  five  small  two-phase  motors  of  three  horse-power 
on  these  mains.  We  carry  quite  an  unbalanced  load, 
and  it  does  not  bother  us  at  all  on  our  lighting. 

Mr.  Gilchrist:  I  should  like  to  have  an  answer 
to  the  question  as  to  what  can  be  said  particularly 
against  the  two-phase  system  for  isolated  plants. 
There  have  been  several  two-phase  isolated  plants  put 
in  in  Chicago.  Naturally,  even  if  we  can  not  get 
the  business  at  the  start,  we  are  anxious  to  see  three- 
phase  plants  put  in — that  being  our  system — so  that 
we  can  later  get  hold  of  them  without  involving  too 
much  investment.  If  there  are  any  arguments  that 
we  can  use  with  isolated  plants  in  favor  of  three- 
phase  against  two-phase,  I  should  like  to  know  of 
them. 

Mr.  Kelsch  :  I  should  like  to  hear  from  any 
other  central-station  man  who  is  operating  a  two-phase 
system,  who  does  not  pay  any  attention  to  balancing 
the  load. 

Mr.  Behrend  :  The  phases  in  two-phase  gener- 
ators are  no  more  independent  than  in  three-phase 
generators.  Although  they  seem  independent  of  each 
other  electrically,  they  are  connected  magnetically 
through  the  fields ;  hence,  any  change  of  load  in  one 
phase  aflfects  the  other. 

Mr.  p.  M.  Lincoln  :  We  are  operating  a  two- 
phase  system  at  Niagara  Falls,  and  about  40  per  cent 
of  the  load  is  single-phase.  We  find  it  necessary  in 
that  case  to  have  our  two  phases  pretty  evenly 
balanced.  If  we  do  not,  we  find  that  the  induction 
motors,  particularly,   on   our  system    heat   up   a  good 
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deal  more  than  they  would  otherwise,  because  the 
tendency  of  any  induction  motor  is  to  balance  up 
between  the  two  phases;  and  in  cases  of  too  large 
unbalancing  the  tendency  of  the  motor  to  balance 
results  in  taking  power  from  one  phase  and  deliver- 
ing it  to  the  other  at  the  expense  of  heating  the 
motor.  We  find  it  necessary  to  balance  the  two 
phases  pretty  closely  to  avoid  this  trouble. 

The  President:  If  there  is  no  further  discus- 
sion, we  shall  be  pleased  to  hear  from  Mr.  Scott. 

Mr.  Scott  :  One  of  the  first  things  mentioned  in 
the  discussion  was  one  that,  in  certain  of  its  bearings, 
is  of  vital  interest  to  this  association.  It  is  the  four- 
wire,  three-phase  system  ;  2.300  volts  from  the  neutral 
to  each  wire  and  4,000  volts  on  the  outside  circuit. 
Do  you  realize  that  an  underwriters*  rule  has  been 
prepared  and  proposed  which  would  keep  these  4,000- 
volt  circuits  75  feet  away  from  any  building?  This 
suggestion  is  sufficient,  as  the  committee  on  Under- 
writers' Rules  of  this  association  will  see  what  that 
means. 

A  word  of  caution  regarding  high  voltages  may 
be  in  place.  It  is  inevitable  that  the  difficulties  in 
the  installation  and  keeping  up  of  a  plant  at  4,000 
volts  will  be  more  than  at  2,000  or  2,300  volts.  While 
a  large  and  well-operated  plant,  with  good  supervision 
and  care,  can  operate  at  4,000  volts,  it,  nevertheless, 
may  be  an  injudicious  thing  to  use  this  voltage  in 
smaller  plants,  where  the  care  and  attendance  is 
naturally  not  so  good  and  where  the  requirements  for 
higher  voltage  are  not  so  great. 

With  regard  to  higher  voltages,  particularly  in  the 
case  of  transmission  lines,  a  gentleman  presented  to 
me  a  few  weeks  ago  a  plan  that  he  had  for  a  trans- 
mission  plant.     He   proposed   to   run  at  30,000  volts 
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and  to  run  two  circuits  on  the  same  pole  line.  I  told 
him  I  thought  he  was  getting  high  in  voltage,  and 
that  the  circuits  were  pretty  close  together ;  but  that 
I  would  look  over  the  estimate  he  had  made  covering 
all  parts  of  the  plant.  I  found  that  the  cost  of 
copper  in  the  transmission  line  was  only  about  one 
{>er  cent  of  the  total  cost  of  the  plant,  and  that  the 
cost  of  pole  line,  right  of  way  and  copper  amounted 
to  only  two  or  three  per  cent.  Now,  considering 
water-wheels,  generators,  switchboards,  transmission 
lines,  sub-stations, — considering  the  whole  problem — 
the  thing  that  would  naturally  be  looked  upon  as 
the  one  upon  which  the  most  care  should  be  ex- 
pended is  the  high-voltage  transmission  line  for  30 
or  40  miles  through  a  desolate  country ;  and  yet  he 
had  that  part  down  to  about  three  per  cent  of  the 
total  cost.  I  explained  to  him  that  I  thought  his 
co-efficient  of  reliability  would  be  greatly  enhanced  by 
adding  a  few  per  cent  to  the  cost  of  his  transmission 
line,  and  when  he  revised  his  figures  he  had  two  pole 
lines  instead  of  one,  and  at  20,000  volts  instead  of  at 
30,000.  In  another  case  that  came  to  my  notice  a 
short  time  ago,  I  happened  to  see  the  plan  that  had 
been  adopted  for  the  poles  for  carrying  two  30,000- 
volt  circuits.  It  was  good,  substantial  construction  ; 
insulators  on  short  pins,  coming  within  an  inch  or  so 
of  the  cross-arms ;  the  cross-arms  provided  with  iron 
braces  and  the  insulators  with  metal  pins.  It  was  ex- 
cellent insulation  for  1,000  or  2,000  volts,  but  the 
man  showed  entire  ignorance  ot  the  requirements  of 
a  30,000-volt  line.  It  happened  that  a  gentleman 
from  the  West,  who  was  operating  a  30,000- volt 
plant,  was  in  my  office,  and  I  showed  him  the  blue 
print,  and  he  thought  there  would  be  a  merry  time 
there  when  the  volts  began  to  act. 
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The  three-phase  transformer  has  been  spoken  of: 
that  is,  one  transformer  that  would  take  three-phase 
current  and  deliver  three-phase  current.  I  have  been 
trying  for  some  time  to  figure  out  with  Mr.  Peck, 
our  transformer  designer,  just  wherein  lies  the  advan- 
tage of  a  three-phase  transformer  over  three  single- 
phase  transformers.  There  are  some  theoretical 
advantages, — such  as  less  material — but  when  it  comes 
to  building  the  transformers,  the  gain  in  efficiency 
and  in  cost  is  not  much,  and  it  is  at  considerable 
sacrifice  in  handling.  Instead  of  having  three  units, 
one  of  which  you  can  take  away  while  using  the 
other  two  temporarily,  as  has  been  suggested,  you 
have  all  your  eggs  in  one  little  basket ;  and  I  fail  to 
see  where  the  advantage  accrues  in  a  construction  of 
that  kind.  I  am  also  of  the  opinion  that  the  four- 
wire,  three-phase  secondary  distribution  can  not  be 
very  successfully  conducted  without  the  neutral  wire 
from  the  generator  also. 

Nearly  all  the  gentlemen  who  spoke  in  regard  to 
lighting  on  three-phase  and  two-phase  systems  repre- 
sented the  larger  stations.  The  gentleman  who  spoke 
for  Montreal  began  with  the  statement  that  he  had 
so  many  thousand  kilowatt  generators,  and  it  is 
probable  that  he  could  distribute  anywhere  from  such 
large  .  generating  capacity.  There  would  be  little 
occasion  for  any  great  unbalancing,  and  his  regulation 
would  be  of  a  high  order.  It  was  mentioned,  also, 
that  the  lighting  in  one  case  was  by  three-phase,  two- 
phase  transformers,  and  was  found  to  be  successful. 

One  thing  is  notable  in  this  discussion  by  the 
central-station  men  :  they  have  considered  lighting 
and  the  matter  of  balancing  loads,  but  they  have  not 
referred  particularly  to  motor  work.  The  lighting 
work  alone  has  been  a  thing  of  the  past ;  but  lighting 
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and  motor  work — the  combination  of  the  two — is  to 
be  the  work  of  the  future ;  and  the  more  definitely 
you  look  forward  to  and  plan  for  that  work,  the 
greater  will  be  your  success  in  the  future. 

The  President  :  Before  we  go  on  with  some  of 
the  questions  relating  to  this  subject,  I  want  to 
appoint  certain  committees  that  should  have  been 
appointed  sooner. 

Committee  on  Memorials :  Messrs.  E.  H.  Davis, 
Williamsport,  Pa. ;  F.  E.  Smith,  Somerville,  Mass., 
and  W.  E.  Moore,  Augusta,  Ga. 

Committee  on  Nominations :  Messrs.  Frederic 
Nicholls,  Toronto,  Canada ;  James  I.  Ayer,  Boston, 
and  H.   H.  Fairbanks,  Worcester,  Mass. 

Committee  on  Amendments  to  the  Constitution, 
to  be  added  to  the  former  committee :  Messrs.  C.  L. 
Edgar,  Boston ;  G.  E.  Hay,  Springfield,  III,  and 
Frederic  Nicholls,  Toronto,  Canada. 

I  want  to  call  your  attention  to  a  criticism  made 
on  the  form  of  programme  that  we  are  now  follow- 
ing. We  tried  it  at  a  meeting  of  the  Ohio  Gas 
Light  Association,  and  it  proved  instructive.  One  of 
the  delegates  came  to  me  at  that  convention  and  said, 
**  I  am  like  the  farmer,  I  don*t  want  to  hear  both 
sides  of  a  question  ;  it  always  confuses  me."  But  we 
do  want  to  hear  both  sides  of  these  questions.  We 
will  now  take  up  a  few  questions  allied  to  the  dis- 
cussion that  we  have  just  had. 

(Questions  Nos.  70,  i,  2,  3  and  30  were  taken 
up.     See  Question  Box.) 


The  President  :   We  will  now  take  up  the  report 
of    the   committee   on    Standard    Rules  for  Electrical 
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Construction  and  Operation,  of  which  Captain  William 
Brophy,  of  Boston,  is  chairman.  Have  you  a  report. 
Captain  Brophy,  for  the  committee  on  standard 
rules. 

Captain  Brophy  :  The  only  question  of  import- 
ance to  this  association,  so  far  as  standard  rules  go, 
that  has  develo{>ed  during  the  past  year,  is  the  pro- 
posed amendment  to  the  rules,  which  will  practically 
exclude  from  the  streets  of  every  city  and  town  all 
alternating  currents  having  a  difference  of  potential 
above  3,500  volts.  If  that  rule  is  enforced,  the  four- 
wire  system  described  here  can  not  be  used,  and  the 
wires  will  not  be  permitted  to  come  within  75 
feet  of  a  building.  It  requires  a  private  right  of 
way  for  all  high-tension  alternating  circuits,  or  else 
they  must  go  underground.  I  have  endeavored  to 
meet  the  question  by  showing  the  inconsistency  of 
the  thing.  We  have  to-day  series-arc  circuits  with  a 
difference  of  potential  at  the  *bus-bars  of  over  8,000 
volts.  If  3,500  volts  alternating  is  dangerous,  cer- 
tainly the  8,000-volt  series-arc  circuits  are  dangerous. 

Your  committee  desires  instructions  as  to  what 
course  it  shall  pursue  in  meeting  this  proposed  amend- 
ment, and  your  committee  would  like  to  hear  the 
views  of  the  members  of  the  association,  so  that  the 
committee  may  take  such  ground  as  the  association 
deems  necessary  and  proper,  although  we  are  satisfied 
ourselves  as  to  what  position  we  should  take.  The 
way  in  which  I  have  combated  the  amendment  thus 
far,  is  by  showing  the  inconsistency  of  the  rule. 

The  President  :  Is  there  any  method  you  would 
suggest  ? 

Captain  Brophy  :  The  next  method  we  would 
suggest  would  be  to  question  the  right  of  any  organ- 
ization doing  a  commercial  business—  which  the  Board 
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of  Underwriters  is  doing — ^to  hamper  the  business  of 
any  other  class  of  people  doing  a  legitimate  business. 
In  the  first  place,  the  underwriters  have  no  control 
over  the  wires  in  the  streets  or  under  the  streets, 
except  as  they  may  affect  the  matter  by  increasing 
insurance  rates  generally.  They  have  no  legal  right 
to  do  it,  and  it  may  be  necessary  to  meet  that. 
Whether  or  not  they  can  destroy  the  business  of  the 
people  engaged  in  the  electric-light  business,  is  a 
serious  question.  Unfortunately,  one  of  the  troubles 
of  the  underwriters'  association  in  relation  to  the 
code,  is  that  it  has  very  little  conception  of  the 
amount  of  damage  that  can  be  done  by  rendering 
obsolete  standard  articles  that  cost  thousands  of  dol- 
lars, which  are  now  in  the  hands  of  people  doing  a 
lighting  and  power  business.  They  evidently  do  not 
stop  to  think  of  that,  but  it  is  a  matter  of  the 
greatest  importance  to  those  who  are  in  the  electric- 
lighting  business,  who  would  be  affected  by  any  arbi 
trary  rule  of  this  character  that  they  might  make. 

The  President  :  Captain  Brophy  desires  sugges- 
tions as  to  how  his  committee  should  proceed  in 
order  to  overcome  the  adoption  of  this  rule  proposed 
by  the  Board  of  Underwriters. 

Mr,  Abbott  (Chicago) :  I  do  not  think  it  is 
possible  to  enforce  this  rule,  and  I  do  not  think  the 
underwriters  expect  to  do  so.  To  show  how  absurd 
it  would  be  to  attempt  its  enforcement,  I  will  say 
that  we  have  in  the  city  of  Chicago  over  50  miles 
of  pole  lines  carrying  4,000  volts  and  over.  Any 
building  that  is  approached  within  75  feet  by  these 
lines  would  be  subject  to  this  rise  in  the  rate  of 
insurance,  and  any  other  line  with  which  it  comes  in 
proximity  will  aflfect  the  buildings  along  its  course  in 
the  same  way.     We  are  crossing  telephone  wires,  tele- 
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graph  wires,  fire-alarm  wires,  and  other  wires,  in  all 
directions,  and  these  wires  are  ramified  all  over  the 
city,  so  that  practically,  to  enforce  this  rule,  they 
would  have  to  raise  the  rates  on  the  entire  city  of 
Chicago. 

Thk  President  :  Can  anyone  give  Captain 
Brophy  any  assistance?  He  desires  to  proceed  in  the 
best  manner  possible  to  overcome  the  adoption  of  the 
proposed  rule. 

Mr.  Price:     What  does  Captain  Brophy  suggest? 

The  President  :  He  suggests  bringing  these 
matters  to  the  attention  of  the  Board  of  Underwriters. 

Captain  Brophy:  I  feel,,  as  chairman  of  the 
committee,  that  it  is  desirable  to  separate  low-tension 
wires — such  as  telegraph,  telephone  and  signal  wires — 
as  widely  as  possible  from  high-tension  wires.  We 
all  agree  to  that.  My  opinion  is  that  if  these  wires 
are  kept  separated  from  all  other  wires,  and  the  cir- 
cuits so  constructed  where  they  do  cross  that  it  will 
be  difficult  for  them  to  come  in  contact,  it  will  not 
be  necessary  to  enforce  this  rule.  I  shall  of  course, 
do  all  that  I  can  to  show  the  Board  of  Underwriters 
that  it  is  unwise  to  pass  this  rule.  It  is  now  in  the 
hands  of  a  committee  to  be  reported  upon.  What 
their  report  will  be,  I  do  not  know.  I  believe  the 
original  committee  practically  acceded  to  the  passage 
of  this  rule ;  but  the  committee  has  been  added  to, 
and  I  think  that  men  of  larger  experience  in  such 
matters  have  been  added  to  the  committee,  and  I 
hope  the  final  result  will  be  diflferent  from  what  it 
was  at  first. 

Mr.  Lincoln:  As  I  understand  it,  this  rule  of 
the  underwriters  places  all  circuits  of  over  3,500  volts 
on  a  par.  It  seems  to  me  that  it  is  absurd  to  treat 
a  transmission  circuit  of  4,000  volts  in  the  same  class 
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as  a  40,000-volt  transmission  circuit,  and  that  is  one 
of  the  inconsistencies  that  should  be  brought  to  their 
attention. 

Captain  Brophy  :  That  is  true.  But  there  are 
other  inconsistencies.  If  the  association  has  no  in- 
structions, the  committee  will  use  its  best  endeavors 
to  point  out  to  the  underwriters  the  inconsistencies 
of  the  proposed  amendment  and  the  great  complica- 
tions that  would  follow  its  adoption. 

The  President  :  I  think  that  is  the  sentiment 
of  this  convention  :  that  the  committee  should  use 
its  best  endeavors  to  convince  the  underwriters  that 
it  is  not  good  policy  to  enforce  this  rule. 

Mr.  Price:  I  suggest  that  the  committee  on 
standard  rules  propose  to  this  association  a  form  of 
remonstrance  against  this  amendment,  upon  which  we 
can  vote,  so  that  the  committee  may  be  somewhat 
better  prepared  to  resist  the  adoption  of  the  pro- 
posed rule. 

The  President:  I  think  it  is  advisable  to  save 
time,  and  I  suggest  that  Captain  Brophy  draw  up  a 
resolution,  or  ask  the  secretary  to  do  so,  and  we  will 
pass  it  and  thus  give  the  committee  on  standard  rules 
the  support  of  the  association  in  its  efforts. 

We  will  now  take  up  the  consideration  of  more 
of  the  topical  questions.  Questions  Nos.  26,  27  and 
28,  which  relate  to  grounding  the  neutral,  will  be 
considered  in  executive  session. 

(Questions  Nos.  68,  31,  32  and  36  were  then 
taken  up.     See  Question  Box.) 

(The  meeting  then  adjourned  until  two  p.  m.) 
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FIFTH    SESSION 

The  meeting  was  called  to  order  by  President 
Doherty  at  ten  minutes  after  two  o'clock,  and  the 
consideration  of  topical  questions  was  continued, 
including  questions  Nos.  7,  9,  14  and  20,  for  which 
see  Question  Box. 

The  President:  We  will  now  ask  Professor  C. 
P.  Matthews,  of  Purdue  University,  to  present  the 
third  progress  report  of  the  Committee  for  Investi- 
gating the  Photometric  Values  of  Arc  Lamps. 


REPORT  OF  THE  COMMITTEE  FOR  INVESTI 
GATING  THE  PHOTOMETRIC  VALUES 

OF  ARC  LAMPS 


Mr.  President  and  Gentlemen  of  the  National  Electric 
Light  Association: 

Your  committee  appointed  to  investigate  the  pho- 
tometric value  of  arc  lamps,  submits  to  you  herewith 
its  third  progress  report  of  the  work  intrusted  to  its 
care. 

During  the  present  year,  an  effort  has  been  made 
to  carry  out  a  comprehensive  and  comparative  study 
of  the  open  and  inclosed  types  of  series  arc  lamps,  in 
view  of  the  great  attention  that  has  been  directed  to 
the  use  of  series  inclosed  arc  lamps  in  street  light- 
ing during  the  past  few  years.  The  records,  which 
are  included  in  the  appended  report  of  the  photo- 
metrist  to  the  committee,  contain  much  valuable  in- 
formation bearing  upon  this  subject,  and  it  is  hoped 
that  it  will  serve  to  clear  up,  in  the  minds  of  the 
membership  of  this  association,  a  number  of  disputed 
points  as  regards  the  relative  merits  of  the  various 
types  of  lamps  and  arc  settings  tested. 

Your  committee  would  direct  special  attention  to 
the  results  which  are  recorded  under  Section  6  of  the 
appended  report.  These  results  show  the  illumination 
on  a  plane  normal  to  the  ray  at  different  points  along 
the  street  for  direct-current,  open  and  inclosed  lamps, 
together  with  the  effect  of  changing  the  height  of 
these  lamps  upon  such  illuminations. 
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Your  committee  would  again  acknowledge  its  obli- 
gation to  the  School  of  Electrical  Engineering,  Pur- 
due University,  for  the  great  service  it  has  rendered 
in  making  the  carrying  out  of  these  tests  possible. 

(Signed)  Henry  L.  Doherty,  Chairman 

W.    E.    GOLDSBOROUGH 

J.  Q.  Brown 

TREASURER'S   REPORT 

Mr.  Henry  L.  Doherty, 

Chairman  of  the  Committee  on  Arc-Light  Photometry. 

Dear  Sir  :  As  acting  treasurer  of  your  committee,  I  submit  a  report  of 
moneys  received  and  expended  by  me  in  behalf  of  your  committee. 

Dr. 

Balance  from  statement  previously  rendered $ioi  i8 

Amount  of  Arc  Light  Fund  received  by  drafts  from  the  Treasurer 
of  the  National  Electric  Light  Association,  to  be  applied  to  the 
expenses  of  the  committee  in  conducting  tests 205  00 

Total $306  18 

Cr. 
Salary  of  one  full-time  assistant $250  00 

Extra  assistance  employed  at  irregular  intervals 45  00 

Miscellaneous  materials  used  in  fitting  up  laboratory  for  photometric 

research  work,  etc 11  18 

Total $306  18 

W.    E.    GOLDSBOROUGH, 

Acting  Treasurer  of  Committee  on  Arc-Light  Photometry. 

To  the  Committee  of  the  National  Electric  Light 
Association  on  the  Photometric  Value  of  Arc 
Lamps : 

I  take  pleasure  in  transmitting  to  you  herewith  a 
third  progress  report  on  the  photometric  tests  of 
inclosed-arc  lamps,  which  I  have  received  from  Pro- 
fessor Matthews. 

Yours  very  truly, 

W.  E.  Goldsborough. 
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Professor  W.  E.  Goldsborough, 

Director   of   Electrical    Laboratory,    Purdue    Uni- 
versity. 

Dear  Sir  :  I  submit  herein  a  record  of  the  tests 
that  have  been  carried  out  for  your  committee  since 
the  date  of  my  last  report.  Particular  attention  has 
been  given  to  the  performance  of  series  arcs  of  both 
the  open  and  inclosed  types.  The  methods  and 
apparatus  used  have  been  substantially  those  developed 
and  described  in  the  work  of  previous  years.  The 
material  in  the  following  pages  may  properly  be 
classified  as  follows : 

I.    Tests  of  6.6-ampere,  direct-current  inclosed-arc 
lamps  in  their  commercial  forms. 

II.  Similar  tests  of  6.6-ampere  alternating-current 
inclosed-arc  lamps. 

III.  Also  tests  of  7.5-ampere  alternating-current 
inclosed-arc  lamps. 

IV.  Tests  of  a  450 watt  arc  under  varying  con- 
ditions of  energy  supply,  etc. 

V.  Tests  of  various  brands  of  high  and  low-grade 
carbons  in  a  9.5-ampere  open  arc. 

VI.  A  consideration  of  the  illumination  produced 
on  a  plane  normal  to  the  ray  at  different  distances 
from  the  lamp ;  the  mean  value  of  this  illumination 
between  chosen  limits  ;  and,  finally,  the  effect  upon 
these  quantities  of  a  variation  in  the  height  of  the 
lamp. 

UNITS 

As  the  writer's  use  of  the  Hefner  unit  in  the 
reports  of  previous  years  has  met  with  some  criticism, 
it  would  seem  appropriate  that  some  explanation  of 
this   usage   should    be   made.     While  the  Hefner-Alte- 


neck  amyl-acetate  lamp  is  far  from  being  a  perfect 
primary  standard,  it  is  quite  generally  acknowledged 
to  be  superior  to  the  candle,  especially  in  respect  to 
its  constancy  and  reproducibility.  This  fact  has  caused 
the  formal  adoption  of  the  Hefner  unit  in  Germany, 
•  a  rapidly  increasing  use  in  France,  where  the  Carcel 
lamp  has  heretofore  held  such  sway,  and  an  almost 
universal  use  in  the  physical  laboratories  of  the  world. 

In  1897  a  committee  of  the  American  Institute  of 
Electrical  Engineers  recommended  **That  Hefner-Alte- 
neck  amyl-acetate  lamps  *  *  *  should  be  tem- 
porarily adopted  as  concrete  standards  of  luminous 
intensity  or  candle-power."'  It  will  be  noted  that  the 
Hefner  lamp,  and  not  the  Hefner  unit,  is  here  adopted. 
If  for  commercial  or  other  reasons  it  becomes  neces- 
sary to  change  results  from  Hefner  units  to  British 
candles,  the  question  immediately  arises — what  ratio 
shall  be  used  ? 

To  answer  this  question  truly  is  a  difficult,  if  not 
an  impossible,  matter,  because  successive  determinations 
of  the  British  candle  are  not  determinations  really  of 
the  same  thing. 

Evidence  of  the  unreliable  character  of  the  candle 
is  not  lacking.  A  few  quotations  from  an  extensive 
report  of  a  committee  of  the  American  Institute  of 
Electrical  Engineers'  may  suffice  for  the  present 
writing. 

**A  committee  of  the  British  Association,  compris- 
ing numerous  distinguished  members  of  that  body,  in 
their  fourth  report,  rendered  at  the  Plymouth  meeting 
in  1888,  gave  the  results  of  extensive  tests  on  candles 
*  *  *  They  concluded  that  candles  are  not  worthy 
to  be  called  standards,  although   they  conform   to  the 

(i)    See  the  proceedings  of  the  Geneva  Conifrcts  of  Electricians,  1896. 
(a)    Report  of  Nichols,  Sharp  and  Matthews. 
Transactions  XIII :  133*    1896. 
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legal  requirements,  and  that  the  intensity  of  their  light 
is  aflfected  by  the  purity  of  the  air  in  the  room,  the 
shape  and  construction  of  the  wick,  the  nature  of  the 
sperm,  and  by  other  causes."  Again,  **  Heisch  and 
Hartley,  acting  for  the  committee  on  light  standards 
of  the  Council  of  the  Gas  Institute,  found  that  the 
difference  in  the  illuminating  power  of  candles  ranged 
from  1.3  per  cent  to  16  per  cent,  the  average  differ- 
ence being  7.05  per  cent."  Dibdin  **  found  in  his  first 
series  of  tests  a  maximum  variation  of  14.9  per  cent, 
which  occurred  twice,  and  a  maximum  total  variation 
in  a  single  group  of  23.2  per  cent,  which  also  occurred 
twice." 

As  to  the  performance  of  the  Hefner  lamp,  I  quote 
from  the  same  report  as  follows :  **  Dibdin,  indeed, 
made  rather  extensive  tests  of  it  and  found  excellent 
results  as  far  as  steadiness  goes,  90  per  cent  of  the 
tests  being  within  one  per  cent  of  the  mean,  and  this 
in  spite  of  the  fact  that  he  took  the  perhaps  unwar- 
rantable liberty  of  increasing  the  flame  height  to  51 
min.,  to  make  the  intensity  of  the  lamp  equal  to  that 
of  the  British  candle.  The  committee  of  the  British 
Association  found  only  four  among  118  tests  which 
deviated  more  than  two  per  cent  from  the  mean,  and 
II  which  deviated  more  than  one  per  cent  from  the 
mean." 

The  disadvantages  of  the  Hefner  light  are  its  red- 
dish color  and  its  instability  of  flame.  Like  all  flame 
standards,  it  is  influenced  by  atmospheric  conditions. 
Pressure,  moisture  and  carbon  dioxide  are  factors  that 
must  be  taken  into  consideration  in  the  most  accurate 
use  of  the  source. 

In  the  light  of  an  abundance  of  evidence  such  as 
the  foregoing,  it  is  easy  to  see  why  attempts  to  evalu- 
ate the   candle   in    terms   of    the  Hefner   unit   should 


yield  discordant  results.  Were  it  not  for  the  fact  that 
it  is  desirable  to  secure  some  comparison  between  the 
great  bulk  of  photometric  measurements  made  upon 
English,  German  and  French  candles  as  bases  and 
measurements  made  upon  the  Hefner  unit  base,  it 
would  perhaps  be  better  to  abandon  such  attempts. 
The  accepted  ratio,  whatever  value  it  may  have,  par- 
takes of  the  nature  of  an  arbitrarily  chosen  constant. 
Some  values  of  the  ratio  Hefner  unit :  British 
candle  obtained  by  competent  investigators  are : 

German  Soc.  Gas  Engineers  .886 

German  Reichsanstalt  ^  .876 

Sharp  (Candles  reduced  for  rate)  2  .872 
Sharp     (Candles    reduced    for    flame 

height)  2  .892 

Netherland  Photometry  Commission  .921 

S.  Schieles  .881 

The  American  Institute  of  Electrical  Engineers* 
cooimittee  says  in  reference  to  these  determinations  : 
**The  preponderance  of  evidence  in  favor  of  the 
value  .88  is  very  great."  It  should  be  noted,  how- 
ever, that  VioUe  found  a  value  of  .98  for  this  ratio. 
The  mean  value  of  the  six  foregoing  determinations  is 
.888. 

In  this  connection,  a  quotation  from  a  letter  re- 
cently received  from  Dr.  C.  H.  Sharp,  test  officer  of 
the  Lamp  Testing  Bureau  is  of  interest.  **  So  far  as 
I  know,  the  best  way  to  arrive  at  the  value  of  the 
British    candle-power    is    to    start    from    the    Hefner 

(i)  Zeitschrift  fur  Instrumentenkunde  13:257.  The  mean  of  a  long  series  of  deter* 
mioations  by  different  observers  using^  candles  from  various  sources. 

(2)  Trans.  A.  I.  E.  E.  1896. 

(3)  Journal  fur  Gasbeleuchtunfr  und  Wasserversorgunfif,  1889,  XXXII:  757. 


lamp  as  a  primary  standard  and  to  reduce  its  indica- 
tions according  to  the  accepted  value  for  the  ratio  of 
the  luminous  intensity  of  the  Hefner  light  to  that  of 
the  British  candle." 

If,  now,  the  British  candle  be  defined  as  1.14  Hef- 
ner units,  we  have  a  fairly  concrete  standard  and 
there  can  be  no  objection  to  the  use  of  the  term 
candle-power  thus  defined.  With  this  thought  in 
mind,  I  have  tabulated  most  of  the  results  in  the 
following  pages  in  terms  of  candle-power,  paralleled, 
in  order  that  ready  comparison  may  be  made  with 
the  results  of  the  two  previous  reports,  by  the  corre- 
sponding values  in  Hefner  units.  The  curves,  how- 
ever, are  plotted  in  fhe  candle-power  unit. 


I.      TESTS    OF    6.6-AMPERE,    CONSTANT     DIRECT-CURRENT 

LAMPS 

For  the  purpose  of  securing  data  on  the  perform- 
ance of  this  important  type  of  street  illuminant,  six 
lamps,  representing  three  well-known  brands,  were 
tested  for  candle-power  and  energy  consumption. 
The  luminous  intensity  was  measured  at  is"*  intervals 
from  \i  above  the  horizontal  to  75"*  below.  Figure  i 
shows  graphically  the  results  obtained,  the  lamps  be- 
ing fitted  with  opalescent  inner  and  clear  outer  globes. 
The  lamps  are  numbered  and  classified  as  follows : 

Brand  W— Nos.  68,  69,  70 
Brand    U —  7 1 

Brand    T —  75,  76 

In  Figure  i,  the  results  on  the  individual  lamps  are 
shown  in  light  lines,  and  the  mean  of  all  in  the  heavy 
broken  line.     This   type   is   seen  to  give  from  360  to 
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4IO  candle-power  in  the  most  useful  directions.  While 
there  is  considerable  variation  among  the  curves  of 
separate  lamps,  the  mean  of  all  is  a  curve  of  remark- 
able smoothness.  This  curve  shows  what  may  be  ex- 
pected on  the  average  from  this  type  of  lamp. 

Figure  2  shows  the  performance  of  the  same  lamps 


Fig.  I — Distribution  of  Candle  Power,  6.6-Ampere,  Constant   Direct- 
Current  Lamps  with  Opalescent  Inner  and  Clear  Outer  Globes 


with  clear  outer  globe  removed.  It  is  to  be  noted 
that  the  clear  globe  produces  the  usual  rounding 
effect  on  the  curves,  drawing  them  closer  to  the 
mean  and  reducing  them  somewhat  by  absorption. 
In  Figure  i,  lamps  75  and  76  are  shown  as  somewhat 
stronger    near   the    horizontal    than    the    others.     This 
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effect  is  intensified  when  the  outer  is  removed.  The 
greater  the  tendency  of  the  candle-power  curve  to 
slant  away  from  the  arc  in  passing  from  15°  B  to 
the  horizontal,  the  more  effective  the  lamp  for  street 
lighting.  It  is  significant  that  the  curve  to  show  this 
desirable  feature  to  the   least   extent   is  that  of  lamp 


Fig.  2 — Distribution  of  Candle   Power,  6.6-Ampere,  Constant  Direct- 
Current  Lamps  with  Opalescent  Inner  Globe  Only 


71.  This  lamp  had  an  open-base  inner  globe;  all 
others  were  fitted  with  closed-base  inners.  This  points 
to  the  conclusion  that,  for  street  lighting,  best  dis- 
tribution is  obtained  with  closed-base  inner  globes. 
The  numerical  data  for  these  tests  are  given  in  tables 
I  to  IV. 


230 


TABLE  I 

D. 

C.  SERIES  6 

.5  AMPERES 

Lamp 

63 

Luminous  Intensity 

Anffle 

H.  u. 

C.  P. 

H.  U. 

C.  P. 

15°  A 

1          373 

328 

328 

288 

Hor. 

429 

377 

411 

362 

15'  B 

1          491 

431          1 

446 

392 

30"  B 

558 

491          ' 

490 

431 

45"  B 

556 

490          1 

485 

427 

60"  B 

455 

400 

398 

350 

75^  B 

1          206 

181      ; 

1 

267 

235 

Globes 


No  Outer 
Opalescent  Inner 


E.  M.  F 

Current 

Watts 

Mean  Hemispherical  Can- 
dle Power 

Watts  per  Mean  Hemi- 
spherical Candle  Power 


68. 
6.5 
44a. 

414. 
1.07 


Clear  Outer 
Opalescent  Inner 


•370. 
1.2 


Globes 


TABLE  II 

D.  C.  SERIES  6.5  AMPERES 
Lamp  6q 


E.  M.F 

Current , 

Watts. 

Mean  HemisphericalCan 

die  Power .  •    •    • 

Watts  per    Mean    Hemi 

spherical  Candle  Power 


No  Outer 
Opalescent  Inner 


73. 
6.5 

475. 
347. 
1.37 


Luminous  Intensity 

Ang^le 

H.  U. 
302 

C.  P. 

H.  U. 

C.  P 

15°  A 

266 

29  Z 

256 

Hor. 

445 

392 

413 

364 

15    B 

465 

409                      442 

389 

30*  B    ' 

461 

406 

524 

460 

45^  B 

363 

319 

428 

377 

60^  B 

274 

241 

348 

306 

75'  B 

184 

162 

274 

241 

Clear  Outer 
Opalescent  Inner 


368. 
1.29 


«37 

TABLE  III 

D.  C.  SERIES  6.5  AMPERES 
Lamp  70 


Aiifirle 


15^ 

A 

Hor. 

15" 

B 

30° 

B 

45° 

B 

60** 

B 

75° 

B 

Luminous  Intensity 


H.  U. 


360 
404 
471 
515 
432 

324 
302 


C.  P. 


316 

355 
415 
452 
380 
286 
266 


H.  U. 


342 
40i 

465 
414 

362 

332 
200 


C.  P. 


301 
356 
410 

364 

319 
292 

176 


Globes 


E.  M.  r 

Current 

Watts 

Mean  Hemispherical  Can- 
dle Power 

Watts  per  Mean  Hemi- 
spherical Candle  Power 


No  Outer 
Opalescent  Inner 


71.3 
6.5 
463. 

372. 

1.24 


Clear  Outer 
Opalescent  Inner 


343. 

1.35 


TABLE  IV 

D.  C.  SERIES  6.6  AMPERES 
Lamp  71 


A                   • 

Luminous  Intensity 

Angle 

H.  U. 

C.  P. 

H.  U. 

C.  P. 

15°  A 
Hor. 
15°  B 
30' B 
45°  B 
60"  B 
75°  B 

224 

348 

451 

514 
500 

372 
206 

»97 
306 

397 

451 
440 

328 

181 

272 

371 

434 
486 

488 

329 
220 

239 
326 

382 

427 
430 
290 
193 

Globes 

No  Outer 
Opalescent  Inner 

Clear  Outer 
Opalescent  Inner 

1?     ILff     1? 

67.8 
6.6 

447. 
353- 

Current • 

Watts 

Mean  Hemispherical  Can- 
dle Power 

360. 

Watts  per    Mean   Hemi- 
sphencal  Candle  Power 

I. 

.27 

1.24 

•38 


TABLE  V 

D.  C.  SERIES  6.6  AMPERES 
Lamp  75 


Angle 


15° 

A 

Hor. 

15° 

B 

3o- 

B 

45^ 

B 

60' 

B 

75^ 

B 

Luminous  Intensity 


H.  U 


Globes 


EM    F 

Current 

Watts 

Mean  Hemispherical  Can- 
dle Power 

Watts  per  Mean  Hemi- 
spherical Candle  Power 


392 

475 

497 

467 

413 
312 

215 


C.  P. 


H.  U. 


544 
418 

439 
411 
364 

«75 
189 


380 

444 
460 

436 

378 
a8a 

179 


C.P. 


334 

391 
405 

384 

333 

248 

158 


No  Outer 
Opalescent  Inner 


73.8 
6.6 

487. 
375. 
1.3 


Clear  Outer 
Opalescent  Inner 


3$3* 
1.38 


TABLE  VI 

D.  C.  SERIES  6.6  AMPERES 
Lamp  76 


Angle 


Luminous  Intensity 


15^A 
Hor. 
15"  B 


30^ 

45^ 
60° 

IS' 


B 
B 
B 
B 


Globes 


E.  M.  F 

Current 

Watts   ....    

Mean  Hemispherical  Can- 
dle Power 

Watts  per  Mean  Hemi- 
spherical Candle  Power 


H.  u. 


431 
520 

503 
453 
436 

330 
190 


C.  P. 


H.U. 


C.P. 


380 

458 

443 
400 

384 
290 

J67 


314 

405 
505 
477 
415 
325 
228 


276 

356 

445 
420 

365 
286 

201 


No  Outer 
Opalescent  Inner 


76. 
6.6 
501. 

390- 
1.28 


Clear  Outer 
Opaletcem  Inner 


366. 
137 
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II.      TESTS    OF     6.6-AMPERE,     CONSTANT     ALTERNATING- 
CURRENT     LAMPS 

Three   lamps   of   this   type,  with  globe  fittings,   as 
follows : 

(a)  Opalescent  inner,  clear  outer 

(b)  Opalescent  inner  only 


Fig.  3 — Distribution  of  Candle  Power,  6.6-Ampere,  Constant  Alter- 
nating-Current Lamps  with  Opalescent  Inner 
AND  Clear  Outer  Globes 


(c)  Opalescent  inner  and  street  shade 
were  subjected  to  careful  tests  for  luminous  intensity 
and  power  consumption.  The  results  are  to  be  found 
in  Tables  VII,  VIII  and  IX,  the  corresponding 
candle-power  curves  throughout  the  lower  hemisphere 
being  shown  in  Figures  3,  4  and  5. 


240 

The  lamps  are  referred  to  as  174,  175  and  176. 
In  Figure  5,  lamp  174  has  been  replaced  by  lamp 
268  of  last  year's  data. 

Figure  3  shows  that  the  mean  curve  of  the  alternat- 
ing 6.6-ampere  lamp  with  clear  outer  globe,  ranges 
from   190  candle-power   in  the  horizontal   to    220  can- 


iiO  C.  F. 


Fig.  4— Distribution  of  Candle  Power,   6.6-Ampere    Constant  Alter- 

NATING-CURRENT   LAMPS  WITH   OPALESCENT    InNER   GlOBE   OnLY 


die-power  at  30°  B.  These  values  are  much  less  than 
the  corresponding  values  for  the  6.6-ampere,  direct- 
current  lamp  with  similar  globes.  The  power  con- 
sumption of  the  alternating  lamp  is  considerably  smaller 
— a  matter  discussed  further  on  in  this  report. 

Figure  4  shows  the  usual  effect  of  a  divergence  of 
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the  individual  curves  from  the  mean  when  lamp  is 
used  with  inner  globe  only.  What  seems  to  be  an 
anomaly  occurs  in  the  case  of  lamps  175  and  176. 
The  tables  show  for  the  one  the  same  mean  hemu 
spherical  candle-power   with    and   without   clear   outer 


•2S0     C.P. 


Fig.  5 — Distribution  of  Candle  Power,  6.6- Ampere,  Constant  Alter- 
nating-Current Lamps  with  Opalescent  Inner 
Globe  and  Street  Shade 


globe,  and  for   the   other   a   slightly  increased   candle- 
power  with   outer  globe.     To   assure  myself  that   this 
was  not  an  error,  I  had  the  observations  repeated,  but 
the  result  came   out   the  same.     It  can  readily  be  un 
derstood  when    it   is   remembered  that  we  are  dealing 

here  with  the  mean  hemispherical  candle-power.    While 

17 
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TABLE  VII 

A.  C.  SERIES  6.6  AMPERES 
Lamp  174 


Liiminoui  Intensity 

Angle 

H.  U. 

C.P. 

H.  U 

C.P. 

15- A 
Hor. 
15"  B 
30°  B 
45"  B 
60*' B 
75"  B 

252 

263 

274 
250 

253 
166 

109 

222 
231 
241 
220 
223 
146 
96 

225 

193 
201 

243 
212 

177 
114 

196 
170 

177 
214 

187 
156 

100 

Globes 

No  Outer 
Opalescent  Inner 

Qear  Outer 
Opnletcent  Inner 

E.  M.  F 

72.4 
6.6 

477. 
403. 
.84 

217. 
1.86 

Current 

AoDarent  Power 

Watts 

Power  Factor  • 

Mean  Hemispherical  Can- 
dle Power 

Watts  per   Mean    Hemi- 
spherical Candle  Power 

179. 
2.25 

TABLE  VIII 

A.  C.  SERIES  6.6  AMPERES 
Lamp  175 


Angle 

Luminous  Intensity 

H.  U. 

C.P. 

H.  U. 

C.  P. 

H.  U. 

C.  P. 

15^  A 
Hor. 
15°  B 
30"  B 
45' B 
60°  B 
75"  B 

248 
213 
226 

245 
205 

154 
103 

218 
188 
199 
216 
180 

134 
90 

228 
228 

233 
221 

194 
162 

90 

201 
201 
205 

195 
171 
143 

206 
251 
320 
297 
309 
232 

x8i 
221 
282 
261 
272 
204 

Globes 

No  Outer 
Opal.  Inner 

Clear  Outer 
Opal.  Inner 

Shade 
OpaL  Inner 

E.  M.  F 

63.7 
6.6 
420. 
381. 

.91 
185. 

2.06 

185. 
2.06 

Current 

Aooarent  Power 

Watts 

Power  Factor. 

Mean  H'emispherical  Candle  Power 
Watts  per  Mean  Hemispherical  Can- 
dle Power 

244. 
1.56 

243 


TABLE  IX 

A.  C.  SERIES  6.6  AMPERES 
Lamp  176 

Anglt 

Luminous  Intensity 

H.  U.      C.  P. 

H.  U. 

240 

217 
250 

261 

246 

175 
123 

C.  P. 

211 
191 
220 
230 
210 

154 
108 

H.  U. 

238 
232 
3i6 

339 
310 

280 

C.  P. 

15^  A 
Hor. 
15'B 
30^  B 
45^  B 
60'' B 
75^  B 

258 
228 
244 
289 
230 
189 
III 

227 
20  X 
215 

254 
203 

166 
97 

210 
204 
296 

298 

273 
246 

Globes 

No  Outer 
Opal.  Inner 

Qear  Outer 
OpaL  Inner 

Shade 
Opal.  Inner 

E.  M.  F 

60. 
6.6 

396. 
362. 

•91 
205. 

233. 

J.CC 

Current 

Aooarent  Power 

Watts 

Power  Factor 

Mean  Hemispherical  Candle  Power 
Watts  per  Mean  Hemispherical  Can- 
dle Power 

252. 
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the  clear  globe  can  not  make  light,  it  may  in  some 
cases  alter  the  distribution  thereof  in  such  manner  as 
to  strengthen  the  lower  hemisphere  at  the  expense  of 
the  upper,  thus  producing  the  result  shown. 

Figure  5  shows  the  effect  of  fitting  this  type  of 
lamp  with  a  street  shade.  This  particular  shade  could 
probably  be  improved  in  design.  Its  effect  is  very 
strong  in  the  region  underneath  the  lamp  out  to  the 
point  determined  by  the  30°  B  ray.  Attention  was 
called  in  the  first  report  to  the  necessity  for  careful 
design  in  the  matter  of  shades  in  order  to  secure  good 
results  in  street  lighting. 

III.       TESTS   OF    7.5-AMPERE    CONSTANT    ALTERNATING- 
CURRENT    LAMPS 

As  this  type  of  lamp  takes  approximately  the  same 
power  as  the  6.6-ampere,  direct-current  lamp,  its  can- 
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TABLE  X 

A.  C.   SERIES    7.5   AMPERl:S 
Lamp  171 


Angle 


15 

A 

Hor. 

15^ 

B 

30 

B 

45 

B 

6a 

B 

75' 

B 

Luminous  Intensity 


t' 


Globes 


H.  U. 


239 
223 

244 

235 

234 

193 

99 


C.  P. 


210 
196 
215 
207 
206 
170 

87 


No  Outer 
Opalescent  Inner 


E     M.   F 

Current - 

Apparent  Power ', 

Watts 

Power  Factor 

Mean  Hemispherical  Candle  Power 

Watts  per  Mean  Hemispherical  Candle  Power. . 


75. 
7-5 
563- 
441. 

.79 
193. 
2.28 


Table  xi 

A.  C.    SERIES  7-5   AMPERES 
Lamp  172 


Anffles 


Globes 


Luminous  Intensity 


H.  U. 


15  A 

280 

Hor. 

263 

15  B 

275 

30  B 

316 

• 

45  B 

314 

60  B 

188 

75  B 

138 

E.  M.  F - 

Current 

Apparent  Power 

Watts 

Power  Factbr 

Mean  Hemispherical  Candle  Power 

Watts  per  Mean  Hemispherical  Candle  Power. 


C.  P. 


246 
231 
242 
278 
276 
165 
122 


No  Outer 
Opalescent  Inner 


67.4 

7-5 
505. 
455. 

•9 
234- 

1.94 
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TABLE  XII 

A.  C.    SERIES  7.5   AMPERES 
Lamp  173 


Angle 


15^  A 
Hor. 
15'  B 


30 
45' 

75 


B 
B 
B 
B 


Globes 


Luminous  Intensity 


H.U. 

C.  P. 

H.  U. 

C  P. 

215 

189 

235 

207 

315 

277 

232 

204 

327 

288 

256 

225 

320 

282 

280 

246 

311 

274 

278 

245 

263 

232 

203 

179 

131 

115 

116 

102 

E.  M.  F 

Current 

Apparent  Power 

Watts 

Power  Factor 

Mean  Hemispherical  Candle  Power 

Watts  per  Mean  Hemispherical  Candle  Power. . . 


Na  Outer 

Clear  Outer 

Opal.  Inner 

Opal.  Inner 

79. 

7.5 

593. 

472. 

.8 

263. 

2. II 

1.8 

2.24 

die-power  curves  are  of  some  interest.  Figure  6  and 
Tables  X,  XI  and  XII  exhibit  the  results  of  several 
tests  on  lamps  of  this  type  (Nos.  171,  172  and  173). 
The  distribution  curves  are  quite  similar  in  outline  to 
those  of  the  6.6-ampere  alternating  lamp,  but  the  can- 
dle power  is  strengthened  in  all  directions,  as,  of  course, 
it  should  be. 


COMPARISON    OF    THE    THREE    FOREGOING    TYPES 

Figure  7  shows  in  one  diagram  the  mean  curves 
taken  from  the  figures  that  precede  it.  The  relative 
value  of  the  different  types  of  lamps  as  producers  of 
useful  light  below  the  horizontal  plane  through  the 
arc  is  very  well  shown.  To  this  figure,  I  have  added 
curve  S,  which  is  taken  from  a  7.5-ampere  alternating 
arc  fitted   with    a    shade   whose    action    is    superior  to 
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that  of  the  shade  on  the  6.6-ampere  lamps.  The  re- 
sult of  this  is  to  bring  the  curve  of  the  alternating 
lamp  into  close  proximity  to  those  of  the  6.6-ampere 
direct-current  lamps  consuming  approximately  the 
same   power. 


Fig.   6— Distribution  of  Candle  Power,   7. 5. Ampere,    Constant-Altkr- 

NATING-CURRENT   LaMPS   WITH   QPALESCKNT    InNER    GlOBES 

AND  Outer  Globes  as  Indicated 


SPECIFIC    POWER   CONSUMPTION 

By  this  term  is  meant  the  watts  per  mean  hemi- 
spherical candle  power.  The  values  below  are  obtained 
by  dividing  the  average  power  consumption  of  all 
lamps  of   one  type  by  the  average  value  of  the  mean 


247 

hemispherical  candle-power  of  all  lamps  of  that  type. 
IX  C.  6.6  amp.  Op.  inner,  CI.  outer,  1.3 1  watts  per  c.  p. 
A.  C.  6.6  amp.  Op.  inner,  CI.  outer,  1.92  watts  per  c.  p. 
A.  C.  6.6  amp.  Op.  inner,  Shade. . . .  1.48  watts  per  c.  p. 
These  figures  show  that  while  the  alternating  lamp 
taking  6.6  amperes  is  inferior  to  the  direct-current 
lamp   of  the  same  current  capacity  in  light-producing 


Fig.  7— The  Mean  Curves  Taken  from  the  Preceding  Figures 


power  below  the  horizontal,  the  use  of  a  shade  on  the 
former  brings  down  its  specific  power  consumption  to 
within  13  per  cent  of  that  of  the  direct-current  lamp. 
Owing  to  lack  of  time,  the  mean  hemispherical 
candle-power  of  the  7.5-ampere  alternating-current 
lamps  was  not  determined.  Data  are  at  hand  (See 
Figure  7),  however,  to  form  a  comparison  of  the  specific 
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power  consumption  on  a  basis  of  candle-power  in  the 
most  useful  directions  of  o°,  15°  B  and  30°  B.  We 
find  the  watts  per  unit  candle-power  in  these  directions 
to  be : 

Horizontal       15*  30* 

Direct-current  6.6  Clear  Outer 1.29     1. 1 7     1. 1 1 

Alternating-current  7.5  Shade 1.45     1.22     1.02 


POWER    FACTOR    OF    THK  ALTERNATING-CURRENT    LAMPS 

The  6.6-ampere  lamps  show  a  mean  power  factor 
of  .88,  and  the  7.5-ampere  lamps  of  .83. 

IV.       TEST    OF    A    450-WATT    ARC    UNDER    VARYING 

CONDITIONS 

Since  a  2,000  nominal  candle-power  arc  lamp  is 
usually  defined  as  one  consuming  approximately  450 
watts  in  the  arc,  it  becomes  of  much  interest  to'  see 
what  variation  is  likely  to  exist  in  the  lighting  value 
of  such  a  lamp  when,  the  power  remaining  constant, 
such  factors  as  current  and  electromotive  force,  nature 
of  arc,  etc.,  are  allowed  to  vary  within  the  limits  that 
may  exist  in  the  street-lighting  practice  of  the  day. 
To  secure  a  reliable  result  in  a  problem  of  this  kind, 
the  number  of  variables  must  be  reduced  to  a  mini- 
mum, as,  otherwise,  few  definite  conclusions  can  be 
drawn.  With  this  idea  clearly  in  mind,  the  data  shown 
in  curves  and  tables  below  were  taken  under  the  fol- 
lowing simple  conditions : 

I.  The  use  of  a  hand-feed  arc.  The  lamp  used 
was  specially  constructed  for  these  tests  by  Mr.  Hanker, 
and  admits  of  a  very  close  screw  adjustment  of  the 
arc  length.  A  sleeve  arrangement  surrounding  the 
screw  allows  the  operator  to  reproduce  conditions 
closely  in   case   of   extinction    of   the   arc.     The   lamp 


also  has  a  mounting  for  a  globe  when  it  is  desired  to 
inclose  the  arc.  The  uniformity  obtainable  in  the 
photometric  settings  when  a  hand-feed  arc  is  used  in 
connection  with  the  double-mirror  method  (See  1900 
report)  is  quite  remarkable.  Frequently  fifteen  settings 
are  obtained  on  a  given  arc  within  a  range  of  four 
inches  on  the  recording  drum.  *  This  small  movement 
of  the  standard  means  a  relatively  high  degree  of 
accuracy  in  the  results. 

2.  The  use  of  one  pair  of  carbons  for  all  of  the 
measurements.  As  some  of  the  tests  were  with  an 
inclosed  arc,  both  direct  and  alternating  current,  it 
vvas^  necessary  to  select  a  pair  of  high-grade  carbons, 
one  solid  and  one  cored.  The  cored  carbon  was 
placed  below.  The  use  of  a  high-grade  carbon  for 
the  open  arc  is  not  in  conformity  with  usual  practice, 
but  it  was  deemed  best  not  to  introduce  another  vari- 
able by  changing  carbons.  Similar  results  on  open- 
arc  carbons  of  the  usual  grades  will  be  found  further 
on  in  this  report. 

3.  The  use  of  the  same  inner  opalescent  globe 
and  the  same  inner  clear  globe  in  all  the  inclosed  arc 
tests.  In  this  way,  a  fruitful  source  of  discordant 
results  in  inclosed-arc  testing  was  removed.  For  cer- 
tain of  the  alternating  arc  tests  a  metallic  street  shade 
was  used. 

4.  The  maintenance  of  450  watts  in  the  arc  as 
closely  as  possible  with  9.5  amperes  for  the  open-arcs 
and  either  6.5  or  7.5  amperes  for  the  inclosed. 

5.  The  measurement  of  the  candle  power  in  three 
directions,  namely,  the  horizontal  through  the  arc,  15^ 
below  and  30^  below  the  horizontal.  In  order  that 
the  single  pair  of  carbons  might  not  be  wholly  con- 
sumed during  the  tests,  measurements  in  other  direc- 
tions were  not  attempted.     It  will   be  noted  that  the 

•4 
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angles  chosen  are  the  important  ones  in  street 
lighting. 

The  results  obtained  are  shown  in  Table  XIII  and 
Figure  8.  The  three  candle-power  values  for  each  arc 
are  laid  off  in  their  proper  directions  and  the  points 
connected  by  straight  lines.  These  lines  may  there- 
fore be  considered  as  chords  of  the  curves  of  candle- 
power  distribution.  The  curves  themselves  would 
depart  somewhat  from  these  chords,  but  not  sufficiently 
to  invalidate  the  conclusions  drawn. 

Figure  8  shows  at  first  glance  that  450  watts  ex- 
pended between  a  given  pair  of  carbon  points  may 
produce,  under  varying  conditions  such  as  occur  in 
every-day  practice,  widely  different  values  of  candle 
power  in  useful  directions.  These  variations  depend 
upon  whether  the  current  be  direct  or  alternating,  the 
arc  open  or  inclosed,  the  globe  clear  or  opalescent, 
the  arc  shaded  or  otherwise,  the  current  large  or 
small.  The  power  being  constant,  current  and  electro- 
motive force  vary  inversely. 

Considering  first  the  direct-current  arc  (Lines  I, 
II  and  III),  we  note  that  the  9.5-ampere  arc  (Line  I) 
leads  all  others  in  candle  power  below  15°  from  the 
horizontal,  the  value  at  30°  B  being  1,177  candle 
power.  In  this  connection,  it  should  be  noted  that 
the  carbons  are  of  the  highest  grade  found  in  last 
year's  carbon  tests.  In  line  II,  we  see  that  the  reduc- 
tion of  the  current  to  6.5  amperes,  with  consequent 
lengthening  of  arc,  and  the  use  of  a  clear' globe  have 
the  effect  of  reducing  the  candle  power  especially  be- 
low 30'*  B.  Tnis  reduction  is  probably  due  to  reduced 
crater  area  caused  by  the  lowered  current  density.  At 
any  rate,  the  conclusion  is  warranted  that  no  advantage 
comes  from  the  substitution  of  the  6.5-ampere  arc 
with  clear  globe  for  the  9.5-ampere  open  arc,  in  so 
fair  as  distribution  of  light  is  concerned.     Passing  now 
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to  line  III,  which  shows  the  effect  of  an  opalescent 
globe  on  the  6.5-ampere  arc,  we  find  quite  the  oppo- 
site result.  The  horizontal  intensity  is  strengthened 
from  195  to  328  candle  power,  or  about  68  per  cent. 
The  inclosed  arc  remains  superior  from  the  horizontal 
down  to  about  12°  below,  in  which  direction  the  two 
arcs  give  the  same  luminous  intensity.  This  means 
that  if  the  two  arcs  were  suspended  at  the  same  height, 
say  of  25  feet,  they  would  produce  equal  illumination 
at  a  distance  of  about  1 1 7  feet  from  lamps,  but  beyond 
this  distance  the  inclosed  arc  would  have  an  increasing 
advantage  over  the  open  as  a  street  illuminant.  It  is 
clear  from  lines  II  and  III  that,  in  street  lighting, 
the  superior  candle-power  distribution  of  the  inclosed 
arc  is  secured  chiefly  through  the  use  of  the  opales- 
cent inner  globe.  This  globe  becomes  itself  highly 
luminous,  thus  strengthening  greatly  the  intensities 
near  the  horizontal. 

Now,  if  we  compare  lines  I  and  IV,  we  see  the 
advantage  possessed  by  the  9.5-ampere  direct-current 
open  arc  over  the  corresponding  form  of  alternating- 
current  arc.  The  latter,  of  course,  is  but  little  used. 
When  the  450watt,  9.5-ampere  alternating  arc  is  in- 
closed in  clear  glass  and  the  current  reduced  to  6.5 
amperes,  we  find  (Line  VI),  unlike  the  corresponding 
direct-current  case,  a  strengthening  of  the  candle  power 
in  all  three  of  the  angles  chosen  for  measurements. 
This  strengthening  of  candle  power  amounts  to  20  per 
cent  in  the  horizontal  and  somewhat  more  in  the 
other  two  angles.  If,  however,  the  clear  globe  is  re- 
placed by  an  opalescent  one — all  else  remaining  the 
same  —  line  VIII  is  obtained.  This  line  is  much 
farther  out  and  considerably  steeper  than  VI,  hence 
possessing  the  peculiar  qualities  necessary  to  the  light- 
ing of  remote  points.     The  average  per  cent  gain  in 
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the  three  angles  accruing  from  the  change  from  clear 
globe  to  opalescent  globe  is  32. 

The  effect  on  the  candle  power  in  the  chosen 
directions  of  a  metallic  shade  of  the  type  commonly 
used  in  street  lighting  is  shown  in  the  case  of  the 
clear  inner  in  line  VII,  which  now  replaces  VI,  and 
in  line  IX,  which  now  replaces  VIII.  The  general 
effect  is  what  would  be  expected,  namely,  a  marked 
gain  in  candle  power  throughout  the  zone  in  question. 
The  gain  in  such  cases  is  largely  dependent  on  the 
contour  of  the  shade  and  the  character  of  its  reflect- 
ing surface.  Hence  only  very  general  conclusions  can 
be  drawn  as  to  the  benefit  to  be  derived  from  the 
use  of  such  reflectors.  The  extent  to  which  the  hori- 
zontal candle  power  is  affected  depends  to  some 
extent  on  the  height  at  which  the  shade  is  placed 
above  the  centre  of  the  inclosing  globe. 

The  same  shade  was  also  placed  over  the  9.5- 
ampere  open  alternating  arc  with  the  result  shown  in 
line  V,  which  should  be  compared  with  IV.  The 
most  marked  gain  here  is  at  30**  B. 

It  is  to  be  said  that  6.6-ampere  series  alternating 
arcs  in  their  commercial  form  do  not  consume  450 
watts,  whereas  the  6.6-ampere  arc  in  these  tests  did 
consume  this  power,  the  result  being  obtained  by 
raising  the  electromotive  force  of  the  arc  to  82.4 
volts.  This  fact  explains  why  the  candle-power  values 
in  these  450watt  tests  are  higher  than  those  of  the 
lamps  reported  on  in  section  II  of  this  report. 

We  have  now  to  consider  the  7.5-ampere  alternat- 
ing arc.  Comparing  line  X  of  the  7.5-ampere  clear- 
globe  arc  with  line  VI,  which  shows  the  correspond- 
ing case  for  the  6.5-ampere  arc,  we  note  that  no 
advantage  is  secured  directly  in  the  horizontal. 
However,     the     other     two     intensities     are     notably 
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Strengthened    by    the   higher   current    density    in    the 
carbons,  especially  the  1 5**  B. 

When  an  opalescent  globe  is  used  on  the  7.5- 
ampere  arc,  line  XII  is  the  result.  Here  we  have 
nearly  the  same  candle  power  in  all  three  directions. 
This,  then,  is  a  very  desirable  distribution  for  the 
lighting  of  remote  points.  The  use  of  a  street  shade 
on  this  lamp  yields  line  XIII.  This  arc  shows  a 
candle  power  in  directions  near  the  horizontal  nearly 
equal  to  that  of  the  6.6-ampere  direct-current  arc  of 
the  same  power. 


lOOCP, 


Fig.  9— Candle- Power  Test  of  Different  Brands  of  Open-Arc  Carbons 

V.       TESTS   OF    VARIOUS    BRANDS   OF    HIGH    AND    LOW- 

GRADE   CARBONS 

The  primary  object  of  these  tests  is  the  determi- 
nation of  the  relative  candle  power  obtainable  from 
high  and  low-grade  carbons  burned  in  a  9.5-ampere, 
450-watt  open  arc.  This  portion  of  the  work  is  not 
so  exhaustive  as  it  should  be,  but  enough  has  been 
done  to  indicate  something  of  what  may  be  expected 
from  tests  of  this  character.  Candle-power  measure- 
ments were  made   in    three    directions,  as  indicated  in 
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Figures  9  and  10.  The-  first  of  these  figures  shows 
the  results  obtained  from  four  different  brands  of 
open-arc  carbons,  together  with  the  mean  result  from 
all  four  (See  also  Table  XIV).  Brand  410,  a  moulded 
carbon,  is  12  per  cent  stronger  than  the  mean  in  the 
horizontal,  but  falls  behind  the  mean  by  nearly  20 
per  cent  at  15"*  B.     Brand  401   shows   a    performance 


WOC.P. 


414  I  DC.  Cor«d  Car 
412  lot.  Cored  Car. 
409  Inc.  Carbou 
411  inc.  Carbon 


419  Inc.  Cortd  Car.^ 

414  Inc.  Corad  Car.^ 


Fig.  10— Candle-Power  Tkst  of  Different  Brands  of  High-Uradk 

Carbons  in  an  Open  Arc 


almost  the  reverse  of  410,  being  weak  in  the  hori- 
zontal direction  and  strong  in  the  other  angles.  Dif- 
ferences merely  in  the  shape  of  the  distribution  lines 
must  be  attributed  largely  to  variations  in  the  shape 
of  crater  and  point  on  the  carbon  tips.  While  differ- 
ences in  this  respect  were  plainly  noticeable,  it  was 
thought  that  the  number  of  tests  was  insufficient  to 
warrant  any  definite  conclusions. 

The  results  of  tests  on  high-grade  carbons  are  shown 
in  Figure  10.  For  the  sake  of  a  ready  comparison, 
the  mean  line  of  the  open-arc  carbons  has  been  trans- 
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ferred  to  this  figure.  It  will  he  seen  that  the  carbons 
of  high  grade  when  solid  give  more  candle  power  in 
all  three  directions.  When  cored,  they  fall  behind 
the  mean  of  the  low-grade  carbons  throughout  the 
angle  between  o°  and  12°  B.  This  is,  without  doubt, 
due  to  the  deep  crater  formed  in  the  cored  carbon. 

Six  brands  of  these  carbons  were  tested  for  life  in 

•  

ordinary  series  arc  lamps.  The  results  are  to  be 
found  in  Table  XIV,  where  the  figures  show  the 
mean  result  obtained  from  three  sample  pairs  in  hours 
per  inch.  Although  high-grade  carbons  give  a  supe- 
rior candle  power,  they  show  a  somewhat  shorter  life 
when  burned  open  than  the  low-grade.  Thus  the 
mean  life  of  the  positive  low-grade  carbons  is  about 
9  per  cent  greater  than  the  high-grade.  The  differ- 
ence in  the  life  of  the  negatives  is  slight.  The 
** range"  or  difference  between  the  hissing  and  flaming 
voltages  was  not  determined  for  these  carbons.  This, 
however,  is  an  important  matter,  as  the  able  paper  of 
L.  B.  Marks  in  the  1895  proceedings  of  this  associ- 
ation makes  clear. 


VI.       CURVES    OF    ILLUMINATION 

Curves  showing  the  distribution  of  candle  power 
such  as  those  in  the  early  part  of  this  report  are 
valuable,  because  they  tell  us  not  only  the  total  use- 
ful flux  of  light,  but  also  the  distribution  thereof,  so 
that  we  are  able  to  predict  the  relative  value  of  the 
illuminant  for  any  particular  kind  of  service.  How- 
ever, this  latter  quality  is  possessed  in  a  higher  de- 
gree by  a  curve  readily  derived  from  the  candle- 
power  curve  and  known  as  the  illumination  curve. 
The  illumination  curve  is  one  whose  abscissae  are  dis- 
tances  along   the    street    surface,  and  whose    ordinates 
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are  found  by  dividing  the  candle-power  in  each  direc- 
tion by  the  square  of  the  distance  in  that  direction 
from  source  to  street.  For  example,  the  ray  striking 
the  ground  at  a  point  40  feet  from  a  point  directly 
underneath  the  lamp  has  an  intensity  of  400  candle 
power ;  the  slant  distance  from  arc  to  street  is  50 
feet;  hence  the  illumination  is  ^^j^^^,  or  .16  candle 
foot ;  that  is,  equal  to  the  illumination  produced  by 
.16  candle  at  a  distance  of  one  foot.  This  is  the 
illumination  on  a  plane  normal  to  the  ray.  As  many 
writers  multiply  this  illumination  by  the  sine  of  the 
angle  between  the  ray  and  the  horizontal  to  obtain 
what  is  known  as  the  horizontal  illumination,  it  has 
seemed  well  to  show  clearly  the  difference  between 
the  two  magnitudes.  Thus,  in  Figure  11,  the  upper 
curve  is  the  normal,  the  lower  the  horizontal  illumina- 
tion. At  a  point  directly  beneath  the  source,  the 
two  are  equal,  but  at  all  other  points  the  horizontal 
illumination  is  less  than  the  normal.  In  what  follows, 
we  shall  consider  only  the  normal  illuminations  since 
it  involves  a  simpler  conception.  It  may  be  said  in 
passing  that  the  other  is  often  the  useful  magnitude. 
For  example,  when  several  sources  contribute  to  the 
illumination  of  a  point,  the  horizontal  value  is  the 
only  practical  basis  of  comparison. 

Figure  1 1  shows  that  a  6.6-ampere  direct-current 
lamp  placed  30  feet  above  the  street  yields  an  illumi- 
nation varying  from  a  maximum  of  .25  candle  foot  at 
20  feet  to  .01  candle  foot  at  200  feet  ;  that  is,  in  the 
raiio  of  25.1. 

EFFECT    OF    HEIGHT    OF    LAMP 

The  illumination  in  the  immediate  vicinity  of  the 
lamp  will  be  found  to  vary  rapidly  with  any  change 
in    the    height    of    the    lamp,    but    as  this  illumination 


will   always   be   ample   at    any    practicable   height,  we 
may   well   disregard    it   and    consider   only   the  flatter 


Fig.  12— Effect  c 


portion  of  the  curve,  say  from  50  to  150  feet  from  a 
point  underneath  the  lamp. 
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Figure    12   shows   the   change  that   occurs   in   the 
illumination   at  different   points  when   an   open  arc  is 
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Fig.  13 — Effect  of  Varying  the  Height  of   an  Inclosed-Arc  Lamp 

raised  from   15  to  50  feet.     The  illumination  increases 
at  points  lying  between  80  and   150  feet.     At  points 
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lying  between  50  and  80  feet,  .there  is  an  increase 
until  a  height  of  40  feet  is  reached,  and  then  there 
begins  a  decrease.  Continued  increase  in  the  height 
would,  of  course,  diminish  the  illumination  at  the 
more  remote  points.     Where  the  foliage  of  trees  does 
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Second  Case 


not  interfere,  there  is  a  manifest  advantage  in  placing 
the  open  arc  at  a  good  height.  Attention  should  be 
called  to  the  fact  that  the  candle-power  curve  from 
which  these  illumination  curves  have  been  derived  is 
that  marked  o  in  Figure  8.  This  curve  is  the  mean 
result  of  the  open-arc  carbon  tests. 
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The  effect  of  varying  the  height  of  a  direct-current 
6.6-ampere  inclosed  arc  is  shown  in  Figure  13.  We 
note  similar  changes  in  this  case.  However,  the 
change  in  the  illumination  at  150  feet  is  less  than  in 
the  case  of  the  open  arc.  Moreover,  the  illumination 
in  the  vicinity  of  50  feet  begins  to  fall  if  a  height  of 
30  feet  is  exceeded.  Now,  whether  a  lamp  will  show 
an  increasing  or  decreasing  illumination  through  this 
range  of  height  depends  upon  the  shape  of  its  candle- 
power  curves  throughout  what  we  have  considered  in 
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this  report  as  the  important  zone.  That  an  inclosed 
arc  may  show  a  change  in  illumination  quite  the 
reverse  of  the  foregoing  is  shown  in  Figure  14. 
This  lamp  has  a  very  steep  candle-power  curve  near 
the  horizontal.  (See  line  A,  Figure  8.)  As  a  result 
of  this  feature,  raising  the  lamp  from  15  to  40  feet 
steadily  lessens  the  illumination  at  all  points  between 
50  and  150  feet  It  is  worthy  of  note  that  the 
illumination    at     150    feet    is    practically    independent 
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of    change    in    height    of     lamp    through    the    range 
considered. 

In  Figure  15,  the  results  of  plotting  the  mean 
illumination  between  50  and  150  feet  against  height 
of  lamp  are  shown.  We  note  that  40  feet  for  the 
open  arc  produces  the  greatest  mean  illumination. 
The  results  for  the  inclosed  arc  are  contradictory,  as 
already  explained.  The  maximum  occurs  for  the 
upper  curve  between  25  and  30  feet.  And  probably 
this  height  is  the  most  effective  under  average  con- 
ditions when    maximum    mean  illumination  is  desired. 

In  conclusion,  I  take  pleasure  in  acknowledging 
the  active  assistance  and  co-operation  in  this  work  of 
Mr.  C.  R.  Dooley,  assistant  in  the  School  of  Elec- 
trical Engineering  of  Purdue  University,  and  of 
Messrs.  F.  C.  Hanker,  W.  T.  Berkshire  and  M.  A. 
Call,  members  of  the  graduating  class. 

Respectfully  submitted, 

C.   P.  Matthews. 


APPENDIX 

By  kind  permission,  I  quote  from  a  letter  bearing 
date  of  April  29th,  and  written  by  S.  W.  Stratton, 
Director  of  the  National  Bureau  of  Standards, 
Washington,  D.  C. 

''In  regard  to  your  inquiry  as  to  the  best  primary 
photometric  standard  in  existence,  we  would  unhesi- 
tatingly say  that  the  Hefner  lamp  is  almost  uni- 
versally recognized  as  being  the  best.  The  relation, 
I  Hefner  unit  =  .88  British  candle,  may  be  regarded 
as  sufficiently  exact,  in  view  of  the  great  differences 
obtained    for   this    ratio    by    different    observers,   these 
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discrepancies  being  always  traceable  to  the  impossi- 
bility of  accurately  defining  the  British  standard  candle 
in  such  a  way  that  the  result  obtained  will  always  be 
the  same." 

DISCUSSION 

Professor  Matthews:  Inasmuch  as  certain  parts 
of  the  work  of  previous  years  have  been  criticized 
for  one  reason  or  another,  I  wish  to  add  that  the 
aim  I  have  had  in  view  all  the  time  has  been  to  get 
at  the  truth.  I  think  those  who  have  been  dis- 
appointed in  our  work  have  been  disappointed  because 
the  values  have  not  been  shown  to  be  larger.  We 
see  here  a  remnant  of  the  old  2,000-cp  idea.  I  feel 
confident  that  the  results  are  more  accurate  than  those 
of  any  other  arc-light  investigation  that  has  been 
undertaken  ;  in  this  country,  at  least. 

The  President  :  I  was  appointed  chairman  of 
this  committee,  but  during  the  last  year  and  a  half 
the  work  has  devolved  entirely  upon  Professor 
Matthews  and  Professor  Goldsborough.  I  feel  that 
they  have  done  excellent  work  for  the  association  and 
something  of  immense  value  to  the  entire  electrical 
fraternity.  I  do  not  think  the  work  should  be 
stopped  here,  but  should  be  carried  on.  I  think  the 
committee  has  now  reached  the  point  where  valuable 
deductions  and  conclusions  can  be  made.  One  point 
alone  brought  out  in  this  report  has  justified  the 
support  the  association  has  given  this  committee,  by 
determining  the  proper  height  for  hanging  any  certain 
arc  lamp.  I  have  not  had  a  chance  to  confer  with 
Professor  Matthews  since  he  came  to  the  convention, 
and  am  sorry  to  hear  him  say  that  this  report  closes 
his  connection  with  the  arc-lamp  work.  If  it  closes 
his  connection  with  the  work,  it  probably  means  that 
the  work  will    be   stopped  ;   or,  at  least,  it  means  that 
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the  other  two  members  of  the  committee  are  not  so 
situated  that  I  hey  can  do  any  further  work  along 
these  lines.  They  could  take  these  old  reports  and 
make  some  valuable  deductions  from  them  ;  but  for 
them  to  undertake  further  research  and  experimental 
work  would  be  impossible,  I  am  sure. 

There  has  always  been  more  or  less  criticism  of 
the  work  of  this  arc-lamp  committee ;  in  other  words, 
I  am  sorry  to  say,  many  of  our  members  were  not 
looking  for  the  truth  in  arc-lamp  photometry,  but  were 
looking  for  inflated  values.  I  do  not  think  there  is 
any  reason  why  we  should  try  to  give  the  arc  lamp  a 
greater  value  than  it  possesses,  as  we  are  competing 
with  a  more  profitable  branch  of  our  business — incan- 
descent lighting.  We  want  to  know  the  true  value  of 
the  arc  light  as  compared  with  the  incandescent.  We 
need  not  fear  loss  of  business  by  making  known  the 
true  value  of  arc  lamps,  as  there  is  not  a  central  sta- 
tion represented  in  this  association — no  matter  how 
active  the  competition  may  be  from  other  sources  of 
illumination — but  could  do  twice  as  much  business  as 
it  is  doing  to-day.  I  dare  say  there  is  not  a  member 
represented  here  who  has  an  income  to  exceed  three 
dollars  per  capita  for  lighting  alone,  with  the  excep- 
tion of  New  York  city,  but  we  know  from  statistics 
that  some  stations  have  gone  over  six  dollars  per 
capita  for  lighting.  I  dislike  to  see  this  work  aban- 
doned. There  is  much  further  work,  especially  the 
relationship  between  incandescent  and  arc  lights, 
which  I  hope  to  see  brought  out  in  future  reports. 
There  is  also  work  that  I  desire  to  see  brought  out 
regarding  the  relationship  between  oxide-filament  lamps 
and  arc  lamps.  The  matter  is  entirely  in  the  hands 
of  this  convention  as  to  whether  it  wishes  to  continue 
this    work — or,    rather,    attempt    to    continue    it — and 
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whether  we  can  prevail  upon  Professor  Matthews  to 
keep  up  the  work.  The  criticisms  have  been  hard  to 
answer,  but  they  all  point  in  the  aggregate  to  the 
fact  that  the  arc  lamp  was  losing  the  value  that  it 
was  supposed  to  possess  before  this  investigation 
started. 

I  am  just  making  a  very  careful  determination  of 
how  best  to  light  the  streets  of  a  certain  city.  With 
the  same  expenditure  of  money  I  can  give  them  a 
mjnimum  illumination  of  nearly  ten  times  as  much 
with  parallel-connected  incandescent  lamps  as  I  can 
with  open-arc  lamps. 

We  have  tried  to  carry  out  the  suggestions  we 
received  from  members  from  time  to  time,  but  some 
of  the  suggestions  have  been  impossible — more  than 
impracticable — at  the  stage  at  which  we  had  to  start 
in  •  to  work.  There  were  no  values  determined  that 
we  could  accept,  and  up  to  date  the  work  carried  on 
has  been  very  unsatisfactory,  being  largely  in  the 
nature  of  research,  and  not  in  the  nature  of  practical 
work.  The  matter  is  in  shape  now  to  make  real  and 
practical  use  of  a  resume  of  the  reports  and  deduc- 
tions gained  by  the  experimental  work  done  by  Pro- 
fessor Matthews  and  his  assistants.  I  desire  to  call 
your  attention  to  these  matters,  and  the  subject  is 
now  open  for  discussion. 

Mk.  L.  B.  Marks:  The  report  read  by  Profes- 
sor Matthews  fairly  bristles  with  facts  of  special  in- 
terest to  central-station  men.  To  my  mind,  one  of 
the  most  interesting  sections  of  the  report  is  that  re- 
lating to  tests  of  a  450-watt  arc  lamp  under  varying 
conditions.  These  tests  show  the  relative  light-giving 
values  of  practically  all  the  types  of  open  and  in- 
closed-arc  lamps.  The  results  prove  quite  conclusively 
the  superiority  of    opalescent    inner   globes    over    clear 
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inner  globes  for  street  lighting.  This  superiority  is 
due  to  the  better  distribution  of  light  given  by  a  dif- 
fusing globe.  An  objection  that  has  often  been 
raised  against  the  inclosed-arc  lamp  is  that  the  light 
given  out  is  cut  down  by  the  absorption  incident  to 
the  use  of  double  globes.  While  this  is  true,  gener- 
ally speaking,  Professor  Matthews  calls  attention  to 
the  case  of  an  alternating-current,  inclosed-arc  lamp  in 
which  the  amount  of  light  giv^en  out  below  the  hori- 
zontal is  actually  greater  with  two  globes  on  the 
lamp  than  with  one.  In  the  case  in  point,  the  outer 
globe  (clear  glass)  acts  like  a  reflector,  thus  increas- 
ing the  mean  hemispherical  candle  power  over  that 
obtained  with  the  single  globe.  Another  point  to 
which  attention  is  called  is  the  superior  distribution 
of  light  obtained  by  lamps  equipped  with  **  continu- 
ous "  or  closed-base  inner  globes.  The  contour  of 
the  globe  undoubtedly  accounts  for  this.  It  is  inter- 
esting to  know,  also,  that  the  mean  hemispherical 
candle  power  of  the  6.6-ampere,  alternating-current, 
inclosed-arc  lamp,  fitted  with  a  suitable  reflector,  is 
almost  as  large  as  that  of  the  6.6-ampere,  direct-current 
arc.  This  bodes  well  for  the  extended  introduction 
of  alternating-current,  series  inclosed  arcs. 

The  concluding  chapter  of  the  paper  treats  of  the 
relation  between  distribution  of  light  and  the  height 
of  the  lamp  above  the  street  level.  Professor 
Matthews  finds  that  the  greatest  mean  illumination 
obtained  from  the  open  arc  tested  is  produced  when 
the  lamp  is  about  40  feet  above  the  ground,  as 
contrasted  with  from  25  to  30  feet  for  the  enclosed 
arc.  If  the  mean  illumination  were  the  only  thing 
to  be  considered,  these  figures  might  serve  as  use- 
ful standards.  But  in  commercial  practice,  especi- 
ally with    reference   to    the   open  arc,  the   most  desir- 


270 

able  height  of  the  lamp  above  the  ground  will  be 
found  to  be  considerably  less  than  that  required  to 
give  the  greatest  mean  illumination. 

The  President  :  Has  any  other  gentleman  any 
views  to  express  in  regard  to  the  work  of  the  Com- 
mittee on  Photometric  Values  of  Arc  Lamps  ?  If  there 
are  no  further  remarks  on  this  report,  we  will  take 
up  the  subject  of  long-distance  transmission  lines, 
unless  Dr.  Perrine  wishes  it  taken  up  at  some  other 
time.  We  have  an  engagement  to  go  to  the  Bullock 
Electric  Manufacturing  Company's  works,  leaving  the 
depot  across  the  street  at  four  o'clock.  That  leaves 
about  tfiirty  minutes  at  our  disposal. 

Professor  Goldsborough  :  Mr.  President,  may  I 
present  one  matter  before  the  association  ? 

The  President  :     Yes,  sir. 

Professor  Goldsborough  :  I  am  commissioned  by 
the  president  an'd  board  of  directors  of  the  Louisiana 
Purchase  Exposition  Company,  in  connection  with  the 
world's  fair  to  be  held  in  St.  Louis,  Missouri,  in  1904, 
to  extend  to  the  National  Electric  Light  Association 
a  hearty  and  cordial  invitation  to  hold  its  twenty- 
seventh  convention  on  the  exposition  grounds.  The 
exposition  authorities  also  ask  your  co-operation,  if 
you  are  willing  to  extend  it  to  them,  in  the  develop- 
ment of  a  thoroughly  representative  electrical  display, 
one  that  will  do  much  to  demonstrate  broadly  the 
numerous  and  various  applications  of  electricity  and 
help  to  extend  the  use  of  electricity  in  the  industries. 

You  may  know  that  the  directors  of  the  exposition 
are  attempting  to  do  at  St.  Louis  something  that  will 
be  on  a  larger  and  grander  scale  than  anything  ever 
accomplished  in  the  history  of  international  exposi- 
tions. They  have,  altogether,  $17,000,000  contributed 
toward  the    building    up   of   the   exposition,  on    which 
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they  will  have  to  make  no  return.  The  St.  Louis 
exposition  is,  therefore,  in  far  better  position  than  any 
previous  exposition  has  been  to  do  something  that  is 
grand,  and  much  energy  is  being  expended  to  bring 
this  about.  The  Electricity  Building  will  be  a  large 
structure,  600  feet  either  way,  and  will  equal  in  area 
four  city  blocks.  The  exposition  company  has  not 
been  mean  in  setting  apart  a  substantial  space  for 
exploiting  electricity. 

I  am  more  or  less  convinced — and  the  idea  seems 
to  be  quite  prevalent — that  electricity  has  reached  the 
point  where  it  can  be  regarded  as  only  one  of  the 
forms  of  energy  upon  which  we  are  dependent,  and 
we  naturally  expect  that  when  future  expositions  are 
held  electricity  will  hardly  be  accorded  a  special  place. 
It  will  be  catalogued  as  are  other  forms  of  energy  ; 
in  the  same  way  as  gas,  steam,  water,  etc.  Thus  we 
now  have  an  opportunity  to  show  the  final  outcome 
of  the  energy  and  skill  that  has  been  expended  in 
developing  electricity.  I  hope  that  with  the  co-opera- 
tion of  the  electrical  fraternity  it  will  be  possible  for 
us  to  do  something  commensurate  with  our  ideas  of 
what  .electricity  means  to  the  world. 

Mr.  Ayer:  Mr.  President  and  gentlemen  :  I  hardly 
think  that  we  need  spend  any  time  in  discussing  a 
motion  to  accept  the  invitation  of  the  Louisiana  Pur- 
chase Exposition  Company,  to  hold  our  meeting  at 
St.  Louis  in  1904,  because  it  is  apparent  that  all  or- 
ganizations of  this  character  will  find  it  greatly  to 
their  advantage  to  hold  their  meetings  at  the  exposi- 
tion. This  exposition  will  undoubtedly  be  larger  than 
any  we  have  ever  had  in  this  country,  and,  without 
taking  your  time  further  in  the  mattery  I  desire  to 
offer  the  following  resolution  : 

Resolved,  That  in   1904  the  annual  meeting  of  this 
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association  be  held  on  the  grounds  of  the  St.  Louis 
exposition  company,  at  St.  Louis,  Missouri,  and  that 
the  association  lend  its  best  endeavors  to  contribute 
to  the  achievement  of  such  an  electrical  exhibition  as 
the  considerations  of  the  exposition  management  (as 
indicated  by  their  generous  provisions)  and  the  in- 
dustry demand. 

Mr.  Gillette:     I  second  Mr.  Ayer's  resolution. 

(The  resolution  v^ras  unanimously  adopted.) 

The  President:  There  will  be  an  executive  ses- 
sion of  this  body  at  half  after  seven  o'clock  this  eve- 
ning. After  our  executive  session  we  will  take  up 
two  papers  on  decorative  lighting  and  its  importance. 
Every  active  member  should  be  in  this  room  promptly 
at  half  after  seven,  as  there  will  be  important  mat- 
ters taken  up. 

We  will  now  take  up  the  consideration  of  the 
papers  on  **  Protection  of  Long-Distance  Transmission 
Lines." 


PROTECTION    OF    LONG    DISTANCE    TRANS- 

MISSION   LINES 


CHARLES  H.  BAKER 

The  chief  weakness  in  a  transmission  project  is  the 
transmission  line  itself.  Although  every  precaution 
has  been  taken,  and  no  expense  spared  in  constructing 
well  this  artery  between  the  generating  point  and  the 
consumer,  yet  nearly  all  our  troubles  have  centered 
here. 

Our  line  travels  mostly  through  a  densely-timbered 
region  and  we  have  consequently  had  to  go  to  great 
expense  in  ehminating  the  dangers  from  falling  trees 
and  falling  branches,  by  cutting  through  the  forest  a 
swath  of  varying  widths  according  to  the  height  of 
the  timber,  in  some  places  the  belt  cleared  reaching 
600  feet  wide.  The  felling  of  the  trees  does  not 
alone  suffice,  but  they  must  be  burned  up  and  the 
debris  cleared  off  in  order  to  remove  the  danger  of 
running  fires  in  the  dry  summer  weather. 

As  a   further   protection    against   fires,    and    against 

the  growth  of  brush  and   second-growth  timber,  which 

will    interfere    with    the    protection    of    the    wires,    we 

have,    immediately   upon    clearing    the    right    of    way, 

sowed    the   same    its   entire   length    with    white    clover 

seed.     White  clover  is  indigenous   to   the   soil    in   this 

country,    whether   in   valleys   or   on   hill   tops,   and   we 

have   therefore    produced   a   fine   turf  which  effectually 

corrects  the  dangers  most  feared. 

We    do   not    think    a    transmission    system   can    be 
19 
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entirely  reliable  without  a  double  circuit  Our  present 
system  transmits  from  the  generating  point  at  30,000 
volts  by  two  circuits,  each  to  Seattle,  and  two  circuits 
each  to  Tacoma.  These  circuits  parallel  each  other 
for  twenty  miles,  and  at  the  twentyrmile  point  they 
are  interchangeable  through  a  high-tension  plug-board 
system.  For  this  twenty  miles  we  therefore  have 
more  assurance  of  continuity  of  service  than  from  this 
point  to  the  terminals  where  only   two  circuits  cover. 

It  is  our  purpose  later  on,  and  we  think  it  a 
good  plan,  to  put  in  a  plug  board  at  one  or  two 
other  intermediate  points,  in  order  to  be  able  further 
to  divide  or  interchange  the  circuits.  If  there  is  a 
break  on  any  circuit,  it  can,  by  means  of  these  plug 
boards  be  located  on  a  parallel  short  division  and 
the   circuit    in   trouble   can   be   cut   out    and    repaired. 

It  has  been  our  practice  to  repair  a  circuit  in 
trouble  while  current  was  running  on  the  other  circuit 
on  the  same  sets  of  poles.  An  operation  of  this  sort, 
however,  must  be  undertaken  by  only  skilful  and  cool- 
headed  men.  Our  wires  are  spaced  thirty  inches  apart 
in  the  triangle. 

About  every  fifth  pole  has  a  spare  cross  arm 
tacked  upon  it,  and  every  half  mile  there  is  a  spare 
pole  resting  on  skids.  The  location  of  these  spare 
cross  arms  and  poles  is  known  by  the  number  of  the 
pole  at  which  they  are  located,  and  the  patrolmen  have 
a  record  of  these,  so  that  if  there  is  any  trouble  he 
knows  at  once  where  to  go  for  relief  material. 

Every  three  miles  on  our  transmission  we  have  a 
telephone  booth  located,  which  is  commodious  enough 
to  contain  also  a  few  insulators,  pins,  wire,  etc.  The 
patrolman  in  making  his  rounds  enters  the  booth  and 
reports  by  telephone  his  presence  there  to  the  head 
works  office  at  Snoqualmie  Falls,  and  he  also  registers 
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his  call  in  the  booth,  so  that  his  visits  may  be  tallied 
at  any  time  by  the  general  superintendent  or  inspector. 
He  reports  the  line  **0.  K."  when  he  gets  to  the 
booth,  if  such  be  the  case.  The  length  of  the  section 
in  charge  of  each  of  our  patrolmen  varies  with  the 
character  of  the  country  and  the  difficulty  of  traveling 
it,  but  in  general  one  man  has  about  twenty  miles  in 
charge  and  patrols  it  twice  a  week.  After  having 
made  a  tour  of  inspection  the  patrolman  mails  a  report 
card  to  the  Seattle  office,  certifying  the  condition  of 
the  line. 

Built  as  our  line  is,  and  inspected  as  rigidly  as  it  is, 
we  have  eliminated  entirely  all  troubles  due  to  falling 
trees,  running  fires  or  wind  storms.  In  fact,  our 
troubles  narrow  down  entirely  to  those  due  to  inter- 
ference evidenced  either  by  malicious  persons  or  boys 
shooting  off  insulators  or  throwing  wires  over  the 
transmission  lines..  The  only  remedy  for  this  is  to 
make  an  example  of  a  guilty  party,  and  the  experi- 
ence of  other  transmission  concerns  has  shown  that 
such  an  example  puts  a  quietus  on  the  interference. 
We  have  had  a  law  enacted  in  the  legislature  of  this 
state,  making  any  such  interference  a  penitentiary 
offense,  but  thus  far  we  have  been  unable  to  convict 
anyone. 

In  addition  to  the  private  telephone  system  follow- 
ing our  transmission,  we  have  our  various  stations 
connected  in  with  the  general  commercial  system, 
which  we  use  in  emergency  cases  only  where  our 
telephone   system   is  incapacitated. 

As  soon  as  a  short  circuit  occurs,  the  lines  are 
tested  out  immediately,  to  find  out  on  what  section 
the  trouble  lies.  The  trouble  is  invariably  on  one 
circuit  only,  so  that  the  entire  load  is  immediately 
placed    upon    the   other    circuit    pending    the    correc- 


276 

tion  of  the  trouble.  As  soon  as  the  trouble  is 
located  on  a  division,  the  patrolmen  from  each  end 
of  that  division  start  towards  each  other  in  great 
haste   to   reach   it   and   repair   it. 

Our  apparatus  is  protected  by  lightning  arresters 
installed  on  the  main  circuits  at  the  primary  station 
and  each  of  the  substations.  We  have  very  little 
lightning  in  this  country  and  only  once,  I  believe, 
in  three  years,  have  these  arresters  actually  been 
called  to  duty,  and  on  this  occasion  they  worked  to 
perfection. 

All  our  circuits  are  fused  at  the  different  stations 
for  100  per  cent  overload,  so  that  in  case  of  a 
dangerous  short  circuit  coming  in,  the  fuses  open  up 
and   the   apparatus   is   cut   out. 

As  an  improvement  upon  our  own  practice,  and 
to  make  the  protection  of  any  long-distance  system 
further  assured,  I  would  suggest  that  the  triangle  of 
wires  be  constructed  so  that  the  apex  insulator  will 
be  below  instead  of  above,  for  the  reason  that  a 
wire — or  anything  thrown  over  the  lines — will  be 
less  likely,  under  such  an  arrangement,  to  cross  two 
wires.  In  our  system  the  apex  is  above.  I  would 
further  suggest  that  the  spacing  in  the  triangle  be 
greater  for  the  same  purpose,  even  though  the  induc- 
tive drop  is  thereby  increased  somewhat.  Spacing 
should   be   at   least   36   inches. 

The  insulator  is  the  strong  or  weak  point  in  a 
transmission  system,  and  I  am  glad  to  say  that  we 
have  been  very  successful,  using  the  Porcelain  Imperial 
Insulators,  of  the  best  quality.  I  would  suggest,  how- 
ever that  the  insulators  receive  a  brown  glaze  instead 
of  the  white  (as  in  our  case)  as  they  will  thus  present 
a  poorer  target  for  anyone  aiming  at  them.  We  have 
had   a  great  many  insulators  broken  to  the   extent   of 
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the  petticoats  being  shattered  off,  but  the  wire  almost 
invariably  remains  upon  the  core  of  the  insulator. 
This  would  not  be  true  in  the  case  of  a  glass  in- 
sulator, which  would  be  shattered  to  pieces,  allowing 
the  wire  to  come  down  upon  the  cross  arm. 

I  would  suggest,  further,  that  the  telephone  system 
be  maintained  upon  a  separate  set  of  poles,  as  trouble 
on  the  transmission  line  is  very  sure  to  put  the  tele- 
phone out  of  service  if  both  are  on  the  same  poles. 

These  suggestions  we  would  certainly  inaugurate  in 
any  new  lines  that  we  are  to  build.  As  it  is,  any 
interruptions  we  have,  and  they  have  now  been  reduced 
to  a  minimum,  seldom  last  over  three  to  six  minutes, 
which  is  just  long  enough  to  test  out  the  line  and 
switch  the  load  on  to  the  circuit  which  is  intact.  The 
location  of  and  repair  of  the  break,  of  course,  takes 
longer,  depending  upon  the  distance  the  patrolmen  have 
to  go  to  reach  it,  but  the  repair  of  this,  as  stated  above, 
does  not  interfere  with  the  service. 


L.  DENIS 

The  Quebec-Jacques  Ceirtier  Electric  Company  has 
thus  far  had  little  experience  with  lightning  trouble. 
Our  transmission  line  consists  of  two  three-phase 
23,000-volt  lines,  some  eighteen  miles  in  length,  and 
in  several  places  passing  in  the  neighborhood  of  tall 
trees.  It  is  protected  at  both  ends,  at  the  very  points 
where  the  wires  enter  buildings,  with  sets  of  Wurts 
lightning  arresters  arranged  in  the  standard  Westing- 
house  fashion.  These  arresters  are  our  only  protection 
against  lightning.  Although  they  have  been  noticed  to 
spark  occasionally,  we  have  never  experienced  more 
than  the  result  of  a  partial  short  circuit  from  the  dis- 
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charge.  We  seem  to  have  had  more  trouble  from 
gradual  discharges,  and  from  induced  charges  that  take 
effect  on  the  low-tension  side  of  our  station  trans- 
formers. On  one  occasion,  one  of  these  charges  caused 
quite  an  amount  of  damage  on  the  2,000-volt  switch- 
board, arcing  to  the  ground  from  terminals  leading  to 
current  transformers.  In  this  case,  as  in  others  of  the 
same  nature,  but  less  serious,  apparently  no  damage 
was  done  to  our  station  transformers. 

We  may  add,  for  the  sake  of  information,  that 
this  locality  has  quite  a  reputation  for  the  severity  of 
its  lightning  storms. 


P.  N.  NUNN 

We  have,  at  our  several  stations  in  Colorado,  Utah 
and  Montana,  a  number  of  lightning-arrester  installa- 
tions. These  installations  are  all  of  the  Wurts  type  of 
non-arcing  arrester,  and  consist  of  a  number  of  paths 
to  ground,  with  a  number  of  choke-coils  between  the 
line  and  apparatus  to  be  protected.  The  exact  arrange- 
ments employed  are  various  and  for  voltages  ranging 
from  4,000  to  60,000  volts,  the  higher  voltage  being, 
in  general,  from  star-connected  transformers  with  neutral 
point  grounded. 

In  all  of  these  various  installations  an  attempt  has 
been  made  to  improve  upon  the  previous  practice,  and, 
in  general,  this  has  been  successful.  We  have  never 
had  a  serious  disaster  caused  by  lightning,  or  by  the 
violent  oscillations  caused  by  the  opening  and  closing 
of  long  power  lines  of  large  capacity  and  at  a  very 
high  potential. 

We  have,  however,  had  numerous  small  annoyances 
caused  by  lightning  and  the  oscillations  above  referred 
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to,  and  for  this  reason  do  not  regard  our  present 
lightning  protection  as  entirely  satisfactory.  For  this 
reason  we  are  now  experimenting  with  the  more  recent 
type  of  arrester  installation,  including  shunted  and 
series  resistances  and  fewer  paths  to  ground.  This 
work  has  not  passed  beyond  the  first  experimental 
stage  and  we  have  no  data  to  offer  on  it  at  present. 

Lack  of  time  prevents  me  from  going  into  the 
details  of  the  numerous  experiences  with  lightning 
protection  for  high-potential  circuits  roughly  summar- 
ized above. 

I  trust  that  this  brief  statement  of  our  situation 
with  regard  to  lightning  protection  may  be  acceptable 
to  you,  and  regret  it  is  impossible  for  me  to  go  further 
into  the  matter  at  present. 


HENRY  J.  GILLE 

The  St.  Croix  Power  Company  is  operating  a 
25,000-volt  transmission  line  approximately  thirty  miles 
long,  from  Apple  River  Falls,  Wisconsin,  to  St* 
Paul,    Minnesota. 

At  the  power  house  at  Apple  River  Falls  are 
installed  four  750-kilowatt,  60-cycle  300-rpm.,  Gen- 
eral Electric  800-volt  revolving-armature  generators. 
These  generators  are  direct-connected  to  Victor  tur- 
bines, each  set  consisting  of  two  36-inch  special 
wheels,  the  working  head  of  the  water  being  82  feet. 

The  governors  used  are  of  the  improved  Giesler 
pattern  and  guaranteed  to  maintain  the  speed  of  the 
wheels  within  three  per  cent  for  any  change  of  load 
not  over  25  per  cent  of  the  total  load  at  the  moment 
of  variation.  The  governors  are  electrically  controlled, 
the  necessary  current  being   furnished  by  the  exciters^ 
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The  step-up  transformers  are  six  in  number,  500 
kilowatts  each,  being  of  the  air-blast  type,  connected 
in  two  banks  of  three  each,  the  high-tension  side 
being  connected  in  Y,  the  centre  of  the  Y  not 
grounded. 

The  transmission  line  consists  of  two  three-wire 
circuits  on  one  line  of  poles.  The  poles  are  spaced 
at  a  maximum  distance  of  no  feet.  The  size  of  wire 
is  Number  2  B  &  S  medium  drawn  copper,  one  cir- 
cuit being  supported  on  each  side  of  the  poles  on 
two  cross-arms  in  the  form  of  an  equilateral  triangle 
with  24-inch  sides.  One  of  these  circuits  runs  straight 
through  without  transposition,  while  the  other  is 
spiraled   twice   at   equal   intervals. 

At  each  end  of  the  line  is  located  a  lightning- 
arrester  house.  The  lightning-arrester  house  at  the  St 
Paul  end  is  within  two  miles  of  the  sub-station  and  is 
also  used  as  a  cable-terminal  house.  At  each  end  of 
the  line  is  a  choke  coil  on  each  wire  and  twelve  2,000- 
volt  lightning  arresters.  Each  arrester  has  four  air  gaps 
of  about  one-eighth  inch  each ;  cylinders  being  one  inch 
by  an  inch  and  a  queuter  in  series  with  two  graphite 
resistances,  each  having  a  cold  resistance  approximately 
of  450  ohms. 

From  the  cable-terminal  house  thq  current  is  carried 
underground  through  cables  at  the  line  voltage  to  the 
sub-station.  The  cables  are  two  in  number;  one  insulated 
with  rubber  and  the  other  with  prepared  paper,  both 
being  lead  covered,  and  each  of  sufficient  capacity  to 
carry  the  entire  load.  In  both  cables  there  are  three 
conductors,  each  conductor  consisting  of  seven  strands  of 
copper  wire. 

At  the  sub-station  in  St.  Paul  there  are  cable  ter- 
minals, switching  devices  and  static  arresters.  The  static 
arresters  are  lightning  arresters,  the  same  as  described 
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above,  and  are  connected  the  same  as  lightnmg  arresters 
except  that  the  center  of  the  Y  is  not  grounded. 

The  equipment  in  the  sub-station  consists  of  six 
300-kilowatt  step-down  transformers,  four  200-kilowatt 
step-down  transformers,  and  six  250-kilowatt  each,  600 
rpm.,  60-cycle  synchronous  converters  running  self  excited. 
The  six  300-kilowatt  each  static  step-down  transformers 
are  connected  in  two  banks  of  three  each,  stepping  down 
from  21,500  volts  three-phase  to  85-volts  six-phase. 
These  transformers  are  used  in  connection  with  the 
synchronous  convertors  which  supply  the  Edison  three- 
wire  system,  the  neutral  of  which  is  grounded.  The 
four  200-kilowatt  transformers  are  used  to  step  down 
from  21,500  volts  to  2,200  volts  to  supply  the  alternating- 
current  distribution  system. 

In  the  sub-station  is  also  installed  a  storage  bat- 
tery with  a  capacity  of  2,000  amperes  for  three  hours, 
being  1,000  amperes  for  three  hours  per  side. 

All  feeders  from  the  sub-station  are  underground. 

During  electrical  storms  the  line  is  almost  always 
affected  in  some  way,  sometimes  very  slightly  and 
sometimes  shutting  the  system  down  entirely.  When 
the  storm  is  severe  we  usually  ooserve  a  discharge  on 
one  leg  of  the  arresters.  The  discharge  affects  the 
generators  at  the  power  house  practically  the  same  as 
does  a  heavy  short  circuit  and  there  seems  to  be  a 
strong  tendency  for  part  of  the  generators  to 
motorize,  and  always  slow  down.  In  some  cases 
they  have  come  practically  to  a  stand  still.  We 
have  had  several  cases  where  the  lightning  has 
apparently  disregarded  the  choke  coils  and  the  light- 
ning  arresters,    and   damaged    the    static    transformers. 

At  the  sub-station  the  synchronous  converters  slow 
down,  but  apparently  remain  in  step  until  the  fields 
become   practically   dead.      This    occurs    in   about   ten 
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seconds.  When  the  generators  begin  to  pick  up 
again  at  the  power  house  the  rotaries  also  come  up 
with  considerable  flashing  at  the  brushes.  Sometimes 
they  come  up  with  the  polarity  on  part  of  the 
rotaries  reversed.  If  they  all  come  up  right  side 
up  they  pick  up  the  load  and  carry  it  along  as  if 
nothing  had  happened,  but  if  part  of  them  come 
up  wrong  side  up  it  is  necessary  to  shut  down  and 
change   the   polarity. 

The  alternating  -  current  system  is  not  so  easily 
aff'ected  as  is  the  direct  -  current  system.  When  the 
transmission  line  is  aff'ected  by  lightning  discharge  and 
the  current  comes  back  in  the  sub -station,  the  circuit 
breakers  on  the  alternating-current  feeders  usually  open 
up,  especially  on  feeders  where  there  are  induction 
motors.  This  is  without  doubt  due  to  the  fact  that 
the  induction  motors  will  take  considerably  more  cur- 
rent to  bring  them  to  speed  again  than  is  required 
when  they  are  up  to  speed ;  that  being  practically  the 
only  time  when  all  the  induction  motors  on  the  circuit 
are  started  at  the  same  time,  these  circuit  breakers 
therefore  open  up,  due  to  a  heavy  overload. 

The  eff'ect  on  the  line  is  entirely  dependent  upon 
the  severity  of  the  electrical  storm.  If  the  electrical 
disturbance  of  the  atmosphere  is  light,  the  lights  in  the 
city  merely  wink.  Under  these  conditions  the  appa- 
ratus does  not  seem  to  be  affected,  but  when  the  elec- 
trical disturbances  in  the  atmosphere  are  very  severe  it 
is  very  difficult  to  keep  the  rotary  converters  in  service, 
due  to  the  fact,  as  explained  above,  that  when  they 
slow  down  some  of  them  come  up  reversed,  thus  shut- 
ting down  the  whole  system ;  or  if  they  corne  up  right 
side  up,  they  have  to  pick  up  the  load  at  zero,  which 
puts  a  very  heavy  overload  on  them  for  a  short  time. 
This  is  liable  to  blow  the  alternating-current  fuses  and 
motorize  the  rotaries. 
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There  is  evidence  on  a  great  many  poles  on  the 
transmission  line  of  discharges  jumping  from  the  wire 
to  the  poles.  We  have  not  had  poles  so  badly  dam- 
aged that  they  have  had  to  be  replaced,  but  some  of 
them  were  badly  split.  At  the  time  of  these  discharges 
the  insulators  on  the  line  were  apparently  not  affected ; 
as  a  matter  of  fact,  we  have  had  no  insulators  broken 
through  lightning  discharge. 

The  lightning  arresters  and  static  arresters  are 
so  adjusted  that  they  discharge  constantly,  the  dis- 
charge being  very  light,  being  visible  only  on  two 
or  three  air  gaps  next  to  the  line  wire.  The  light- 
ning arresters  at  one  end  of  the  line  were  very 
badly  damaged  during  one  storm  last  summer,  when 
the  discharge  apparently  jumped  from  the  line  to  the 
ground,  arcing  across  the  cylinders  without  regard  to 
the  resistances,  forming  a  straight  path  to  the  ground. 
How  long  this  arc  was  held  we  do  not  know;  how- 
ever, it  held  long  enough  to  do  considerable  damage 
to  the   cylinders  and   porcelain. 

I  hope  that  in  the  discussion  in  regard  to  light- 
ning troubles  on  long-distance  transmission  lines  there 
will  be  some  remedy  suggested  which  will  overcome 
the  troubles  which  I  understand,  through  extensive 
correspondence  with  transmission  companies,  are  pretty 
general.  The  trouble  where  no  synchronous  apparatus 
is  used  is  not  regarded  as  so  serious,  but  all  the 
companies  that  I  have  been  referred  to  by  manu- 
facturers, who  are  operating  synchronous  apparatus, 
state  that  they  have  considerable  trouble  during  elec- 
trical  storms. 

P.  M.  LINCOLN 

The    effects    of    lightning    on    the    Niagara    Falls- 
Buffalo  transmission  line  may,  for  the  purposes  of  dis- 
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cussion,  be  divided  into  two  classes:  (i)  Those  light- 
ning discharges  which  cause  destruction  of  apparatus 
attached  to  the  transmission  line ;  and  (2)  Those  dis- 
charges which  cause  a  general  short-circuit,  but  without 
the  destruction  of  any  apparatus. 

So  far  as  destruction  of  apparatus  is  concerned,  the 
Niagara-Buffalo  line  has  been  peculiarly  fortunate. 
During  the  five  and  one-half  years  of  its  operation, 
practically  the  only  apparatus  that  has  ever  been  de- 
stroyed by  lightning  has  been  lightning  arresters.  The 
exception  of  any  importance  to  this  statement  was  the 
short-circuiting  of  a  500-kilowatt  transformer  on  one 
occasion  at  Tonawanda — about  half  way  between 
Niagara  Falls  and  Buffalo.  The  only  other  exceptions 
consist  of  one  ammeter  transformer  and  a  few  ground 
detectors. 

In  the  matter  of  lightning  arresters,  however,  the 
line  has  not  been  so  fortunate.  Several  different  styles 
and  makes  have  been  installed  and  tried  with  the  re- 
sult of  ultimate  disaster  to  the  arrester.  Failure  has 
been  due  to  the  inability  of  the  arrester  to  interrupt 
properly  the  dynamo  current  that  follows  the  discharge, 
and  the  resulting  short-circuit  at  the  arrester  would 
usually  put  it  out  of  business,  at  least  temporarily,  and 
occasionally,  permanently.  The  conditions  at  Niagara 
are,  of  course,  unusually  severe.  The  low  frequency 
and  the  large  amount  of  power  involved  make  it  diffi- 
cult to  interrupt  a  short-circuit  when  once  started. 
Devices  that  work  perfectly  on  higher  frequencies  and 
with  less  power  back  of  them,  have  failed  utterly  on 
the  Niagara-Buffalo  line.  One  of  the  things  which  I 
consider  that  the  experiences  of  this  line  have  proven 
is  that  it  is  absolutely  necessary  to  limit,  by  means  of 
resistance,  the  dynamo  current  which  flows  on  the  dis- 
charge of    the    arrester.     No    matter  what  the  number 
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arc  once  started  seems  to  be  maintained  unless  the 
dynamo  current  is  thus  limited. 

The  device  that  comes  nearest  answering  our  light- 
ning-arrester problem  is  the  one  now  in  operation ;  that 
is,  the  so-called  **  Low  Equivalent "  lightning  arrester 
manufactured  and  installed  by  the  Westinghouse  Elec- 
tric and  Manufacturing  Co.  In  that  device  the 
gaps  have  an  ohmic  resistance  in  series  with  thepi  and 
another  larger  resistance  in  shunt  to  a  portion  of  the 
gaps.  This  arrangement  gives  the  line-discharging  effect 
of  the  small  series  resistance  and  the  current-interrupting 
effect  of  the  combined  series  and  shunt  resistances.  In 
their  original  form  these  were  put  into  operation  in 
the  summer  of  1899,  and  are  still  in  use  in  a  some- 
what modified  form.  Our  former  experience,  however, 
has  led  to  the  adoption  of  fuses  in  the  discharge  cir- 
cuit, so  that  in  the  case  of  a  short-circuit  taking  place  in 
the  arresters,  both  line  and  arresters  are  protected ;  the 
line  from  a  continuation  of  the  short-circuit,  and  the 
arresters  from  the  damage  that  would  necessarily  follow 
that  continuation.  In  all  our  lightning  arresters,  choke 
coils  are  put  in  the  line  and  the  discharge  circuits 
tapped  on  the  line  side  of  the  choke  coils. 

In  the  invitation  to  •  present  these  notes,  the  ques- 
tion is  asked,  **  How  frequently  are  your  lines  affected 
by  lightning  that  your  devices  have  failed  to  arrest?" 
Those  occasions  when  the  arrester  conducts  off  the 
flash,  but  becomes  short-circuited,  can  hardly  be  called 
failures  to  arrest.  It  is  possible — and  perhaps  even 
probable — that  other  apparatus  might  have  been  de- 
stroyed had  not  the  flash  been  taken  care  of  by  the 
arrester.  In  most  of  the  failures  to  arrest,  as  observed 
on  the  Niagara-Buffalo  line,  the  lightning  has  caused 
short-circuits  somewhere  along  the  overhead  line,  some* 


286 

times  with  a  simultaneous  discharge  across  the  gaps  of' 
the  arrester  and  sometimes  with  no  sign  of  such  dis- 
charge. Our  observations  would  indicate  that  the  volt- 
age necessary  to  jump  over  a  wet  insulator  does  not 
differ  greatly  from  that  required  to  jump  across  the 
gaps  of  the  lightning  arrester.  In  case  such  a  short- 
circuit  is  once  established  anywhere  along  the  line,  it 
almost  always  continues  until  the  current  is  pulled  off 
the  lines,  in. spite  of  the  fact  that  the  distance  between 
our  conductors  is  36  inches.  Most  of  our  lightning 
interruptions  are  of  this  nature.  No  permanent  dam- 
age is  done.  All  that  is  necessary  is  to  take  off  the 
current  for  an  instant ;  supply  of  power  can  be  re- 
sumed immediately. 

An  examination  of  the  records  for  the  past  three 
summers — those  of  1899,  1900  and  1901 — shows  that 
during  that  time  eighteen  interruptions  occurred  due 
to  lightning,  five  of  which  occurred  within  a  space  of 
about  three  hours,  during  a  storm  of  unprecedented 
severity.  The  average  duration  of  the  interruptions 
has  been  about  four  minutes.  Considering  the  preva- 
lence of  lightning  on  the  Niagara  Frontier,  I  consider 
this  record  a  very  good  one. 

These  remarks  are  not  by  any  means  intended  to 
cover  the  subject  under  discussion,  but  are  simply  in 
the  nature  of  brief  notes,  which  may  be  of  interest  to 
the  association. 

NORMAN   T.    WILCOX 

The  Colorado  Electric  Power  Company's  gener- 
ating station  at  Cafion  City,  Colorado,  generates 
three-phase  current  at  30  cycles  and  500  volts.  This 
current  is  stepped  up  to  22,000  volts  by  means  of 
three  400-kw  transformers  connected  in  delta.  These 
transformers     have     1,000    kilowatts    in    steam-driven 
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generators  to  supply  the  current  to  be  transmitted  to 
the  Cripple  Creek  Mining  District  in  the  Pike's 
Peak  region,  25  miles  distant,  by  means  of  a  single 
transmission  line  with  but  one  set  of  conductors. 
This  line  passes  through  a  rugged  mountain  country, 
which  is  probably  as  much,  if  not  more,  subject  to 
bad  lightning  storms  than  any  place  in  the  United 
States.  These  storms  occur  nearly  every  day  during 
the  season,  which  lasts  from  about  May  loth  to 
September  loth,  but  are  more  severe  sometimes  than 
at  others.  Often  the  same  storm  will  pass  over  the 
lower  part  of  the  line  and  afterward  over  the  part 
higher  up,  so  that  we  generally  get  our  full  share  of 
any  manifestations  in  our  vicinity.  Unlike  eastern 
storms,  those  of  this  section  are  accompanied  by  very 
frequent  flashes,  many  of  which  are  severe  in  their 
effects 

Lightning  arresters  are  located  at  the  generating 
station  and  at  both  distributing  stations  in  the  Cripple 
Creek  district  at  the  end  of  the  line.  We  also  have 
four  stations  on  the  line,  at  approximately  equal  dis- 
tances along  the  25  miles.  During  the  season  of 
1900,  we  had  a  great  deal  of  trouble,  owing  to  the 
fact  that  the  arresters  in  use  had  no  limiting  resist- 
ance ;  in  consequence,  the  machine  current  followed 
the  arc  established  by  the  lightning,  short-circuited 
the  generators,  and  cut  off  the  current  from  the  line. 
This,  of  course,  only  occurred  during  exceptionally 
severe  flashes.  Early  in  the  season  of  1 901,  we 
installed  arresters  with  carbon  resistance  pencil  in 
series  with  the  gaps,  placing  these  in  the  three  line 
stations  that  had  given  us  the  most  trouble.  We  at 
first  placed  eight  d.p.,  2,000- volt  arresters  with  all 
pencils  and  gaps  in  series,  but,  owing  to  the  in- 
sufficient barrier  surface  between  the  resistance  pencils, 
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the  discharge  jumped  across  the  terminals  and  pro- 
duced short-circuit  conditions.  This  was  remedied  by 
providing  suitable  barriers  and  more  commodious 
ventilated  boxes  for  the  line  stations.  We  also 
placed  1 6  of  these  arresters  in  multiple  series  at  the 
point  mid-way  of  the  line  where  the  effects  were 
exceptionally  severe,  thus  providing  a  double  path  to 
earth,  with  same  resistance  for  each  path  as  in  the 
original  connection. 

In  the  matter  of   line   stations,  our   belief  is   that 
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they  are  a  good  thing,  but  that  ordinarily  not  enough 
attention  is  given  to  providing  commodious,  suitable 
and  well-ventilated  boxes  for  these  stations  and 
sufficient  barriers  between  resistance  points. 

On  high-potential  work  with  a  large  machine 
capacity,  it  is  necessary  to  use  a  suitable  limiting 
resistance,  which  should  preferably  be  of  simple 
design,  and  not  liable  to  open  circuit.  As  static 
wires  above  high-tension  conductors  are  open  to 
serious  objection,  it  is  our  belief  that  frequent 
arresters,  properly  installed,  will  afford  all  needed 
protection  on  voltages  up  to  30,000,  at  least,  and 
that  work  along  lines  suggested  will  also  afford  pro- 
tection needed  for  the  higher  voltages.  The  success 
of  our  protection  is  attested  by  the  fact  that,  notwith- 
standing the  exceptionally  severe  local  conditions  and 
single  transmission  line,  we  have  been  able  to  operate 
during  the  lightning  season,  and  for  the  last  eleven 
and  one-half  months,  without  a  single  interruption  to 
our  service ;  a  record  that  many  low-tension,  short- 
distance  transmissions  fail  to  obtain. 

P.  G.   GOSSLER 
Between  Richelieu  Village,  Quebec,  and  Montreal, 
Quebec,  there  are  two  transmission  lines,  consisting  of 
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three  two-phase,  four-wire  circuits,  each  consisting  of 
about  fourteen  and  one-half  miles  of  overhead  bare 
copper  wire  and  two  and  one-half  miles  of  under- 
ground cables.  The  latter  are  in  five  different  sec- 
tions. Two  of  the  overhead  circuits  are  carried  on 
one  pole  line  and  the  third  circuit  on  a  separate  pole 
line. 

On  the  top  cross-arms  of  each  pole  line,  and 
15  inches  from  the  outside  circuit  wire  on  each  side, 
is  run  a  barbed  wire  on  glass  insulators ;  the  third 
barbed  wire  is  placed  on  an  insulator  on  the  top  of 
the  pole ;  the  insulators  being  used  to  allow  of  a 
secure  attachment  of  the  barbed  wire  to  the  cross- 
arm.  The  three  barbed  wires  are  joined  together  on 
every  pole,  by  a  soldered  joint,  to  a  ground  wire 
running  down  the  face  of  the  pole.  This  wire  is 
held  in  position  by  staples,  and  passes  at  the  bottom  of 
the  pole  through  a  one-inch  iron  pipe  ten  feet  long, 
and  is  then  wound  around  the  butt  of  the  pole.  The 
pipe  is  placed  six  feet  in  the  ground,  thus  leaving 
four  feet  above  the  surface,  to  protect  the  ground 
wire  from  being  broken  at  the  place  where  it  enters 
the  earth.  The  size  of  wire  used  for  ground  wire  is 
No.  6  B.  &  S.  iron  wire.  The  barbed  wire  used  for 
protection  on  these  lines  consists  of  two  No.  12  Bir- 
mingham gauge  iron  wire  barbs  three-eighths  of  an 
inch  long,  four-pointed,  and  spaced  about  every  five 
and  one-quarter  inches.  As  the  barbed  wire  is  grounded 
at  every  pole  and  the  poles  are  90  feet  apart,  the 
wire  is  therefore   grounded   about    58   times  per  mile. 

At  the  power  house,  Richelieu  Village,  are  placed 
a  bank  of  lightning  arresters  and  choke  coils  on  each 
transmission  line.  Twelve  arresters  and  six  choke 
coils  go  to  a  line. 

The  plant    has  been    in    operation    for  a  period  of 
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three  and  one-half  years,  during  which  time  we  have 
never  experienced  a  shut-down,  either  partial  or  com- 
plete, from  lightning,  although  the  distribution  lines 
in  the  city  and  the  distribution  lines  in  the  vicinity  of 
the  power  house  have  had  frequent  serious  interrup- 
tions due  to  lightning  storms. 

F.    A.    C.     PERRINE 

It  is  assumed  that  the  subject  of  protection  of  long- 
distance transmission  lines  is  intended  to  cover  only 
the  question  of  protection  of  these  lines  against  light- 
ning and  other  static  discharges,  since  any  other  inter- 
pretation of  the  word  protection  might  involve  every 
question  concerned  in  the  design  and  construction  of 
such  a  transmission  line.  The  protection  of  a  long- 
distance transmission  line  is  essentially  the  same  as 
the  protection  of  a  shorter,  lower-potential  line ; 
though  by  this  I  do  not  at  all  mean  to  convey  the 
impression  that  the  protection  of  high-potential,  long- 
distance lines  is  no  more  difficult  than  the  protection 
of  other  lines,  since,  as  all  know  who  have  attempted 
the  problem,  there  are  many  new  difficulties  arising 
in  this  problem  and  many  difficulties  of  incon- 
siderable amount  in  lower-potential  work,  which  rise 
to  great  proportions  in  all  long-distance-transmission 
work.  The  reasons  that  there  are  greater  difficulties 
in  protecting  transmission  lines  are : 

First,  on  account  of  the  extent  and  character  of 
the  territory  traversed.  In  the  summer  time,  lightning 
storms  of  small  area  are  matters  of  frequent  occur- 
rence, and  the  problem  is  sufficiently  difficult  where 
one  has  to  encounter  only  the  storms  that  occur 
in  any  one  section  of  territory,  but  where  lines  extend 
over  distances  from  20  to  50  or  even  up  to  100  miles. 
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it  can  readily  be  seen  that  the  multiplication  of 
the  chances  of  interference  from  disturbances  of 
atmospheric  potential  is  very  important,  and  that  such 
a  line  must  be  protected  efficiently  at  all  times,  irre- 
spective of  the  particular  character  of  the  weather  at 
the  station.  In  consequence,  those  interesting  means 
of  lightning  protection  that  are  connected  to  the  line 
only  when  danger  is  apprehended,  can  not  in  such 
cases  be  contemplated.  Furthermore,  transmission 
lines  pass  through  country  varying  materially  in  eleva- 
tion, and  in  certain  conditions  of  the  atmosphere  there 
are  produced  along  the  line  disturbances  entirely  apart 
from  the  existence  of  any  lightning  storms.  Scientists 
have  found  by  flying  kites  that  at  times  a  difference 
of  a  few  hundred  feet  in  elevation  gives  variations  in 
air  potential  amounting  to  several  thousand  volts,  and 
the  probability  of  a  line  which  extends  over  a  broad 
stretch  of  country  and  surmounts  noticeable  elevations 
encountering  such  variations  of  air  potential  is  very 
great,  and  must  be  guarded  against.  This  one  reason 
for  the  increased  difficulty  of  the  long-distance-trans- 
mission problem  is,  in  itself,  sufficiently  convincing, 
but  we  must  also  remember  that  the  laws  of  high- 
potential  strain  and  high-potential  arcs  are  not  very 
thoroughly  understood.  All  who  have  had  experience 
extending  over  a  number  of  years  with  alternating-cur- 
rent line  protection,  know  that  as  the  potential  is  raised 
step  by  step  new  principles  seem  to  become  important 
in  the  construction  of  the  so-called  lightning  arrester. 
Calculations  based  on  2,000-volt  protection  are  alto- 
gether unsatisfactory  when  the  potential  is  increased  to 
5,000  or  10.000  volts,  and  doubling  the  voltage  again 
brings  in  a  new  set  of  phenomena ;  while  the  final 
increase  of  potential  up  to  50,000  or  60,000  volts 
seems  to  throw  to  the  winds  all  previously  ascertained 
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rules  and  regulations  for  procedure  in  lightning  pro- 
tection. The  very  means  that  might  safely  be  used 
in  protecting  short  low-potential  lines,  may  cause 
damage  in  extremely  long  lines  that  would  be  worse 
than  the  difficulty  they  are  desired  to  eliminate.  All 
apparatus  producing  open-air  arcs  must  be  carefully 
avoided  where  the  lines  are  long  and  the  capacities 
and  self-inductions  great.  Open-air  arcs,  being  of 
rapidly  oscillating  character,  actually  raise  the  poten- 
tial along  such  lines  and  introduce  of  themselves  dif- 
ficulties similar  to  those  produced  by  lightning  dis- 
charges. Before  going  into  any  question  of  the  actual 
means  used  for  protection  of  long-distance  lines,  we 
need  first  to  recall  to  mind  the  fact  that  in  protection 
of  any  line  we  are  protecting, — First,  against  the  in- 
duced surging  currents  on  the  line,  produced  by  neigh- 
boring lightning  discharges.  Any  lightning  discharge 
in  the  neighborhood  of  a  transmission  line  induces  a 
high-potential  current  on  the  line  which  must  be  safely 
gotten  rid  of.  Secoiidly,  we  must  provide  against  the 
occasional  striking  of  the  line  by  a  small  side  flash. 
Finally,  we  must  do  what  we  can  to  protect  against 
a  direct  lightning  flash  ;  though  generally  this  is  neces- 
sarily destructive  where  it  hits.  General  atmospheric 
differences  of  potential  and  small  induced  charges  can 
be  best  taken  care  of  by  a  frequently-grounded  wire 
run  in  the  neighborhood  of  the  line.  The  familiar 
barbed  wire,  stapled  to  the  lops  of  the  poles  and 
grounded  at  least  as  frequently  as  every  fourth  pole, 
illustrates  this  perfectly.  Some  trouble  has  been  met 
from  this  means  of  protection,  but  there  is  really 
no  reason  for  any  serious  difficulty  to  be  expected 
from  this  source.  In  the  first  place,  it  is  necessary 
to  buy  a  barbed  wire  made  of  first-class  material,  and 
not    apply    to    the    nearest     hardware    store    for    the 
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cheapest  grade  of  fencing.  For  export  and  for  this 
particular  purpose,  a  particular  high-grade  of  barbed 
wire  is  made,  which,  if  carefully  stapled  to  the  poles 
and  not  kinked  where  the  staples  are  driven  in, 
should  give  no  trouble  from  falling  and  interfering 
with  the  transmission  line.  Some  reports  have  been 
received  of  a  loss  of  energy  presumed  to  be  due  to 
the  presence  of  this  grounded  barbed  wire,  but  careful 
measurements  that  have  been  made  on  lines  loaded 
and  unloaded,  in  order  to  find  out  the  exact  effect  of 
this  barbed  wire  as  an  absorber  of  energy,  prove 
pretty  conclusively  that  its  presence  does  not  produce 
any  material  loss  of  energy.  It  is  true  that  it  raises 
the  capacity  of  the  line  by  bringing  the  earth  nearer 
to  the  line  wires,  but  the  difference  in  the  capacity 
thus  produced  is  not  sufficient  to  cause  condemnation 
of  this  means  of  protection,  since  wherever  it  has 
been  used  it  is  found  at  least  to  discharge  the  line 
when  charged  by  differences  of  air  potential,  and  also 
to  relieve  the  other  means  of  lightning  protection 
when  a  storm  was  encountered.  Choke  coils,  which 
are  commonly  used  as  a  part  of  lightning-arrester 
outfit,  undoubtedly  sometimes  have  beneficial  effect 
if  there  is  a  separate  path  to  earth  through  a 
set  of  arresters  for  every  choke  coil ;  but  there 
seems  to  be  no  doubt  that  their  effect  is  present 
at  certain  rates  of  oscillation  and  not  at  others, 
consequently,  they  can  not  be  considered  as  a  sure 
means  of  aiding  the  lightning  protection.  The  ma- 
chinery itself  generally  has  a  very  high  self-induction 
which  tends  to  induce  the  charges  to  go  through  a 
neighboring  set  of  arresters  rather  than  through  the 
machinery,  and  cables  leading  into  the  stations  are 
likely  to  be  a  much  more  efficient  means  of  prevent- 
ing a  charge  from    entering   the    machinery  than  pro- 
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tection  offered  by  a  choke  coil ;  but  it  is  better  to 
install  choke  coils,  and  to  obtain  the  slight  additional 
advantage  they  give,  than  to  consider  that  without  the 
use  of  choke  coils  there  is  necessity  for  only  one 
path  through  the  arresters  to  ground.  It  seems  quite 
certain  that  any  attempt  to  save  lightning  arresters  by 
affording  too  few  paths  for  the  discharge  to  go  to 
ground  is  the  falsest  sort  of  economy,  and  the  only 
justification  for  leaving  out  the  choke  coil  in  any 
lightning-protection  system  would  be  the  introduction 
of  additional  paths  to  ground  scattered  along  the  line 
and  not  all  bunched  at  the  terminals,  where  it  is  now 
the  common  practice  to  introduc?  all  the  lightning 
protection  in  long-distance  lines.  If  a  high-potential 
line  is  efficiently  protected  by  the  ordinary  form 
of  gap  arrester,  there  is  sometimes  not  sufficient 
potential  present  on  the  line  to  pass  through 
the  gaps  of  the  arrester,  and,  at  the  same  time, 
sufficient  to  pierce  the  insulation  of  the  machinery. 
This  high-potential  charge  can  be  gotten  rid  of 
through  small-gap  line  dischargers,  backed  up  by 
means  for  preventing  the  dynamo  current  from  fol- 
lowing the  lightning  discharge.  One  of  the  most 
efficient  pieces  of  apparatus  of  this  kind  is  in  nature 
similar  to  the  Branley  coherer,  which  permits  the 
passage  of  small  currents  of  high  periodicity  and  high 
voltage,  but  effectually  prevents  the  passage  of  cur- 
rents of  low  frequency  and  potential.  It  hardly  seems 
necessary  in  any  particular  way  to  call  attention  to 
the  various  standard  lightning-arrester  types,  since  these 
are  sufficiently  familiar  to  all,  but  only  to  warn  against 
the  error  of  attempting  to  provide  gap  arresters  with 
enough  gaps  for  protecting  high-potential  circuits  and 
preventing  dynamo  current  from  following,  since  when 
the  potential  rises  above  about  30,cxx)  volts,  this  type 
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of  arrester  is  no  longer  available,  and  in  series  with  a 
moderate  number  of  gaps  must  be  inserted  either  a 
resistance  or  a  condenser ;  the  probabilities  being  that 
the  use  of  a  condenser  will  be  found  to  be  the  pref- 
erable plan.  Finally,  I  would  state  that  with  the  use 
of  a  barbed  wire,  lightning  arresters,  and  line  dis- 
chargers, we  have  done  the  best  possible  in  the  pro- 
tection of  any  long-distance  lines ;  but  at  the  same 
time  I  feel  constrained  to  confess  that  the  engineers 
have  still  much  to  do  before  they  can  say  that  they 
have  offered  such  perfect  protection  to  long-distance 
lines  that  there  will  be  no  further  trouble  from  this 
source. 

DISCUSSION 

The  President  :  Are  there  any  comments  on  these 
papers  ? 

Mr.  Cushman  (San  Antonio,  Tex.)  :  I  had  a  very 
good  illustration  of  the  barbed-wire  protection,  in 
1887.  I"  ^  small  plant  in  one  of  our  Texas  cities, 
they  strung  a  barbed  wire  up  over  the  lines,  ground- 
ing at  every  fifth  pole,  for  protecting  the  lines  from 
lightning.  The  station  arresters  were  the  old-style 
saw-tooth  and  fuse  arrangement.  There  was  never  a 
storm  within  three  or  four  miles  of  the  station  or  the 
city  that  did  not  have  the  apparatus  on  fire  and  fuses 
burned  out.  I  removed  all  the  barbed  wire,  and  the 
trouble  very  materially  decreased. 

Mr.  Lincoln  :  I  ask  Dr.  Perrine  whether  pro- 
tection due  to  a  barbed  wire,  or  to  any  wire  for  pro- 
tection purposes,  strung  on  the  poles  would  not  be 
increased  by  decreasing  the  resistance  of  the  wire. 
Would  not  a  low-resistance  copper  wire  be  better  than 
a  higher-resistance  wire  for  that  purpose  ? 

The  President  :  That  is  the  question  which  about 
one  hundred  members  asked  us  to  discuss ;  evidently 
they  are  all  absent. 
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Mr.  Lincoln:  I  should  also  like  to  ask  Dr. 
Perrine  if  he  thinks  the  barbs  essential  in  the  pro- 
tection. 

The  President  :  I  have  been  asked  to  request 
Mr.  Scott  to  speak  on  this  subject ;  is  he  in  the 
room  ? 

Mr.  Scott  :  Anything  in  particular,  or  just  in 
general  ? 

Mr.  Doherty  :  Anything  in  general  from  you  in 
particular. 

Mr.  Scott:  You  have  it  in  for  me,  but  I  will 
have  it  in  for  you  a  little  later  on. 

I  received  a  letter  from  my  friend  Mr.  P.  N. 
Nunn  the  other  day,  and  he  feels  annoyed  that  his 
name  should  appear  on  the  programme.  He  says 
that  when  he  was  asked  to  prepare  a  paper  he  replied, 
stating  the  present  condition  of  his  work,  and 
assigning  it  as  a  reason  for  declining  to  comply  with 
the  request.  You  have  placed  his  name  on  the  pro- 
gramme and  have  printed  his  letter  as  a  contribution 
on  the  subject.  This  was  a  good  move,  however,  on 
your  part.  His  report  shows  what  is  going  on  and 
the  experiences  they  are  having,  and  1  think,  on  the 
whole,  that  what  Mr.  Nunn  says  is  very  good.  They 
have  been  operating  from  40,000  to  60,000  volts  for 
several  years  with  very  little  trouble  and  with  little 
or  no  damage  to  the  operating  apparatus  from  light- 
ning. Mr.  Nunn's  statement  is  fairly  in  line  with 
what  Mr.  Lincoln  has  said  about  the  experiences  at 
Niagara  Falls. 

As  to  the  lightning  arrester,  one  of  the  functions 
of  the  arrester — its  ability  to  protect  circuits  and 
other  apparatus — has  been  fairly  satisfactory ;  but 
going  up  to  these  very  high  voltages,  as  Dr.  Perrine 
has  pointed    out,  brings    in    new    conditions,  and   it  is 
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impossible  for  the  designers  to  meet  them  without 
gettmg  the  practical  conditions  of  the  operating  cir- 
cuits. That  is  a  matter  to  which  Mr.  Wurts  gave 
some  attention  a  few  years  ago,  and  Mr.  Thomas, 
who  recently  presented  a  paper  before  the  American 
Institute  of  Electrical  Engineers  on  the  subject, 
expects  to  go  out  and  visit  some  of  these 
plants  this  summer  and  make  investigations  on  the 
ground.  It  is  a  most  excellent  thing  to  bring 
up  a  subject  of  this  kind  before  the  practical 
men  in  the  business,  in  order  that  they  may 
keep  in  touch  with  the  designers  of  lightning 
arresters  and  help  them  in  making  apparatus  that  will 
meet  the  practical  conditions.  The  fact  that  these 
lines  have  been  operating,  and  operating  well,  at  these 
very  high  voltages,  seems  to  me  to  speak  well  for 
what  we  may  hope  to  have  in  the  course  of  a  few 
years,  as  the  conditions  are  better  known  and  the 
apparatus  can  be  still  further  perfected.  The  arrange- 
ment of  which  Mr.  Lincoln  spoke,  namely,  2f  com- 
bination of  series  and  shunt  resistance,  is  one  that 
was  the  result  of  a  considerable  amount  of  experi- 
mental work  at  Niagara  Falls  to  determine  the 
proper  proportions  for  interrupting  discharges  across 
the  arrester  gap,  and  that  which  Mr.  Lincoln  has 
pointed  out  as  being  the  most  satisfactory  arrange- 
ment on  his  circuits  is  the  one  that  Mr.  Nunn  and 
Mr.  Thomas  are  trying  in  conjunction  on  the  high- 
voltage  circuits  of  Mr.  Nunn.  Mr.  Nunn  may  be 
considered  as  one  of  the  pioneers  of  this  high-voltage 
work,  having  operated  a  40,000-volt  line,  1  believe,  a 
considerable  time  in  advance  of  others,  and  his 
testimony  on  this  subject  is  very  excellent  and 
valuable. 

The  President  :     We    have   just  three  minutes  in 
which  to  close  this  discussion. 
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Dr.  Perrine  :  1  suggest  to  Mr.  Lincoln,  if  he 
finds  that  the  barbed  wire  will  not  stand  up  under 
the  strain  of  sleet  storms,  that  he  have  it  made  of 
plough  steel  and  it  will  stand  as  well  as  copper.  The 
barbs  are  undoubtedly  effective  in  protecting  the  line. 

(The  meeting  then  adjourned  to  visit  the  works  of 
the  Bullock  Electric  Manufacturing  Company  at 
Norwood.) 


SIXTH  SESSION 

President  Doherty  called  the  meeting  to  order,  in 
executive  session,  at  ten  minutes  before  eight  o'clock, 
Wednesday  evening. 


EXECUTIVE  SESSION 

(Vice-President  Ferguson  in  the  chair.) 

Chairman  Ferguson  :  1   think  we  should  now  hear 

the   report   of  the   committee    on    dues,  of  which   Mr. 

Nicholls  is  chairman. 

REPORT    OF    COMMITTEE     ON    DUES 

Mr.  Nicholls:  Mr.  Edgar  is  chairman  of  the 
committee,  but  Mr.  Edgar  left  for  home  this  evening 
and  he  has  asked  me  to  make  the  report.  The  com- 
mittee came  to  a  unanimous  decision  on  the  measure 
that  we  propose  to  recommend.  I  think  you  will  all 
remember  the  suggestion  made  by  President  Doherty 
in  reference  to  a  new  scale  of  membership  dues. 
After  discussing  it,  we  can  see  that  there  is  a  great 
deal  gf  merit  in  Mr.  Doherty*s  suggestion.  We  have 
considered  that  it  was  perhaps  further  than  we  dared 
go  all  at  once  as  regards  the  dues  of  the  association, 
and  it  is  decided  to  recommend  .to  the  association 
that,  in  order  to  encourage  the  entrance  of  new  mem- 
bers from  the  smaller  communities,  we  should  make  a 
reduction  in  the  annual  dues  for  central  stations  in  all 
cities  below  20,000  population.  Of  course  it  is  under- 
stood that  the  dues  are  only  a  small  portion  of  the 
expense  of  being  an  active  member  of  this  association. 
Take,  for  instance,  a  member  who  may  come  to  Cin- 
cinnati from  a  small  town  in  Connecticut,  or  New 
Hampshire,  or  New  Jersey,  and  it  means  that  in 
addition  to  his  present  dues  of  $25  he  probably  has 
to  spend  from  $75  to  $100,  or  more,  to  enable  him 
to  attend   the   sessions    of    this    convention.     This  is  a 


serious  tax  if  the  manager  of  one  of  these  small  com- 
panies has  to  pay  it ;  and  if  the  company  is  called 
upon  to  pay  it,  the  directors  are  apt  to  think  it  a 
large  amount  to  assess  a  company  for  a  holiday  trip 
for  one  of  its  officers  to  represent  the  company  at  the 
convention.  On  the  other  hand,  I  think  we  all  real- 
ize that  some  of  the  most  active  men  we  have  in  the 
association  are  the  managers  or  representatives  of  the 
smaller  interests.  In  other  words,  they  have  to  over- 
come every  sort  and  condition  of  problem,  which 
problems  in  the  large  stations  are  divided  among  the 
various  executive  officers  and  engineers  and  electricians. 
They  have  to  come  in  contact  with  all  kinds  of  prob- 
lems of  one  kind  and  another,  and  they  are  of  great 
assistance  in  the  deliberations  of  this  body.  It  is 
therefore  decided  to  recommend  that  there  be  an 
initiation  fee  of  $25  charged  for  all  new  active  mem- 
bers, beginning  with  the  first  of  next  year — ^January 
I,  1903;  that,  beginning  with  the  first  of  next  Janu- 
ary, the  dues  for  central  stations  in  towns  of  less  than 
20,000  population  be  reduced  to  $10,  but  any  new 
members  from  the  smaller  communities  wishing  to  join 
the  association  between  now  and  the  first  of  January 
should  be  allowed  to  do  so  on  payment  of  $10,  with- 
out the  entrance  fee,  which  only  becomes  operative 
the  first  of  next  year.  It  is  also  decided  to  recom- 
mend that  for  all  central  stations  in  towns  of  from 
20,000  to  300,000  population,  the  dues  remain  as  at 
present,  $25,  and  that  for  all  central  stations  situated 
in  towns  having  a  population  above  300,000,  the  dues 
be  $50  per  year.  We  thought  that  was  about  as 
even  and  equitable  an  arrangement  as  we  could  recom- 
mend at  the  present  time.  While  we  do  not  claim 
that  it  is  a  perfect  substitute  for  Mr.  Doherty's  sug- 
gestion, or  that  it  will    be    found   in    practice  the  best 
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that  can  be  devised,  it  is  probably  as  wide  a  step  as 
we  could  take  at  this  time,  considering  the  different 
interests  in  the  association,  without  causing  more  or 
less  discussion  and  disorganization.  In  brief,  then,  the 
recommendation  of  the  committee  is  that  after  Janu- 
ary I,  1903,  an  entrance  fee  of  $25  be  charged  to  all 
new  active  members  alike ;  that  the  annual  dues  of 
active  members  representing  central  stations  in  cities 
and  towns  under  20,000  in  population  be  $10;  that 
the  dues  of  central  stations  in  cities  and  towns  be- 
tween 20,000  and  300,000  in  population  be  $25,  the 
same  as  at  present,  and  that  the  annual  dues  of  cen- 
tral stations  in  cities  of  over  300,000  inhabitants  be 
increased  to  $50;  it  being  understood  that  any  new 
members  from  the  smaller  communities  shall  be  at 
liberty  to  enter  the  association  until  the  new  year  at 
the  fee  of  $10  per  annum. 

Mr.  Aver  :  Is  the  entrance  fee  to  take  effect 
before  the  first  of  the  year? 

Mr.  Nicholls  :  I  should  have  said  further  that 
any  central  station  from  any  city  joining  the  associ- 
ation between  now  and  the  first  of  the  year  may  do 
so  without  the  payment  of  the  entrance  fee. 

Mr.  Doherty  :  I  want  to  say  that  this  is  not 
the  unanimous  report  of  the  committee  appointed  to 
consider  the  subject.  I  do  not  agree  in  it,  and  I  do 
not  object  to  it.  I  think  it  is  a  step  in  the  right 
direction,  but  I  want  to  put  myself  on  record  as  not 
being  fully  in  accord  with  these  recommendations.  I 
was  compelled  to  leave  the  conference  before  the 
work  of  the  committee  was  finished,  but  I  think  it  is 
a  step  in  the  right  direction. 

Mr.  Williams  :  I  move  that  the  report  be 
adopted. 

(The  motion  was  carried.) 
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Chairman  Ferguson  :  I  will  name  the  committee 
that  1  have  appointed  on  Relations  Between  Manufac- 
turers and  Central-Station  Companies :  Charles  L. 
Edgar,  Boston,  chairman ;  Henry  L.  Doherty,  Denver, 
and  A.  C.  Dunham,  Hartford. 

With  the  permission  of  the  convention,  I  .will  add 
the  name  of  Henry  M.  Moses  to  the  committee  on 
memorials. 

We  have  a  communication  from  Mr.  W.  Worth 
Bean,  of  St.  Joseph,  Michigan,  saying  that  he  regrets 
that  business  engagements  prevent  him  from  being 
present  at  the  meeting,  and  he  wishes  us  success. 

(President  Doherty  in  the  chair.) 

The  President  :  1  will  now  call  for  the  report 
of  the  committee  on    nominations. 

report  ok  the  committee  on  nominations 

Mr.  Nicholls:  Mr.  President  and  gentlemen:  I 
have  been,  for  several  years  a  member  of.  the  com- 
mittee on  nominations,  but  I  am  inclined  to  think 
that  this  is  the  last  occasion  on  which  I  will  allow 
my  name  to  be  put  before  the  association  in  that  con- 
nection. I  do  •  not  think  1  have  been  out  of  this 
hotel,  except  for  a  short  distance,  since  I  arrived  here, 
and  1  can  assure  you  that  your  committee  has  worked 
hard  in  trying  to  get  at  the  true  feeling  of  the  active 
members  as  to  what  their  desire  was  regarding  the 
officers  for  the  coming  year.  My  associates,  Mr.  Ayer 
and  Mr.  Fairbanks,  have  been  indefatigable.  I  think 
we  got  to  bed  at  three  o'clock  this  morning  anfd  were 
up  again  at  daylight,  almost,  and  I  hope  the  conclu- 
sions we  have  arrived  at  will  meet  with  a  favorable 
reception  at  your  hands.  Your  committee  begs  to 
place  in  nomination  for  president,  Mr.  Louis  A. 
Ferguson,  of  Chicago. 


3^4 

Before  passing  on  to  the  next  nomination,  I  want 
to  say  personally,  on  behalf  of  the  association,  that  I 
think  it  would  be  impossible  to  make  a  better  selec- 
tion. I  have  been  connected  with  this  association  for 
a  good  many  years  and  have  known  of  Mr.  Ferguson's 
work.  Mr.  Ferguson  has  not  obtruded  himself  upon 
the  association  at  any  time,  but  he  has  always  been  on 
hand  and  always  willing  to  prepare  exhaustive  papers 
dealing  with  subjects  of  great  interest  to  members ; 
and  when  he  has  been  called  upon  by  the  executive 
committee  to  spend  time  and  money  on  behalf  of  the 
association,  he  has  always  been  to  the  front.  1  think 
this  is  a  well-merited  honor  for  Mr.  Ferguson  ;  I  think 
the  association  is  honored  by  Mr.  Ferguson*s  accept- 
ance of  the  office  of  president. 

Your  committee  places  in  nomination  for  first 
vice-president,  Mr.  Charles  L.  Edgar,  of  Boston.  Mr. 
Edgar  is  also  w^ell  known  to  you  all.  He  has  been 
identified  .  with  the  electric-light  interests .  from  the 
earliest  inception  of  the  business.  1  do  not  know  of 
anyone  who  has  been  interested  in  central-station 
management  antedating  Mr.  Edgar. 

For  second  vice-president,  we  nominate  Mr.  Ernest 
H.  Williams,  of  Williamsport,  Pennsylvania.  It  so 
happens  this  year  that  there  are  six  gentlemen  to  be 
placed  in  nomination  for  positions  on  the  executive 
committee.  There  are  three  members  who  retire  by 
expiration  of  their  term  of  office.  Mr.  Edgar  and 
Mr.  Davis  make  vacancies  by  accepting  higher  office 
in  the  councils  of  the  association,  and  I  think  there 
will  be  a  suitable  resolution  submitted  to  you  at  a 
later  stage,  dealing  with  the  death  of  General  Howell, 
one  of  the  members  of  our  executive  committee. 

For  members  of  the  executive  committee  to 
serve  for   three   years,  we    nominate  the  following :  A. 
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C.  Dunham,   Hartford ;    P.    G.  Gossler,  Montreal,  and 
H.  T.  Hartman,  Philadelphia. 

For  members  of  the  executive  committee  to  serve 
for  two  years :  J.  C.  Perkins,  Youngstown,  Ohio,  and 
C.  F.  Hewitt,  Elkhart,  Indiana. 

For  member  of  the  executive  committee  to  serve 
for  one  year,  Arthur  Williams,   New  York. 

I  may  further  state  that  the  committee  has  two 
other  matters  to  speak  about.  Mr.  Hunt,  who  was 
second  vice-president  of  the  association,  approached  the 
committee  voluntarily  and  stated  that  he  wished  to 
withdraw  his  name  from  nomination,  as  he  felt  there 
were  so  many  large  questions  coming  before  the  asso- 
ciation at  the  present  time  that  were  so  closely  con- 
nected with  purely  local  interests  in  the  United  States, 
that  as  a  Canadian  he  thought  it  his  duty  to  with- 
draw from  any  higher  office  in  the  association  ;  at  all 
events,  for  the  present  time.  I  think  we  can  all  ap- 
preciate Mr.  Hunt's  action  in  this  matter,  as  it  is 
continuing  his  best  efforts  for  the  best  interests  of  the 
association. 

In  view  of  the  many  services  that  Mr.  Hunt  has 
performed  for  the  association,  your  committee  would 
recommend  that  a  vote  of  thanks  for  past  services  be 
tendered  to  Mr.  Charles  B.  Hunt,  of  London,  Ontario, 
and  that  the  resolution  of  thanks  be  duly  engrossed 
and  forwarded  to  him. 

(The  motion  was  carried.) 

Mr.  Nicholls  :  As  you  all  know,  Mr.  James  B. 
Cahoon  was  appointed  secretary  and  treasurer  by 
President  Doherty,  and  his  appointment  was  indorsed 
by  the  association. 

Another  recommendation  that  the  committee  makes 
is  that  Miss  Harriet  Billings  be  officially  recognized 
as  the  assistant  secretary  and  treasurer   of  the   associa- 
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tion.  Miss  Billings  has  been  acting  as  assistant  secre- 
tary for  a  number  of  years.  During  the  past  year  or 
two  her  duties  have  been  heavy.  Those  of  us  who 
have  been  brought  more  in  contact  with  the  executive 
office  of  the  association  know  the  work  she  has  done 
for  us  all.  She  has  been  untiring,  and  not  only  has 
she  been  untiring,  but  she  possesses  intellect  and 
acumen  to  a  remarkable  degree  for  a  woman  engaged 
in  a  semi-technical  business  such  as  that  of  assistant 
secretary  of  the  National  Electric  Light  Association, 
and  your  committee  recommends  that  Miss  Billings 
be  formally  recognized  as  assistant  secretary  and 
treasurer  of  this  association. 

Thk  President:  What  do  you  wish  done  with 
the  report  of  the  committee  ? 

Mr.  Bottomlev  :  I  move  that  the  report  of  the 
committee  be  accepted. 

(The  motion  was  carried.) 

The  President  :  You  now  have  certain  nomina- 
tions before  you.  It  is  customary  for  someone  to 
move  that  the  secretary  be  authorized  to  cast  the  bal- 
lot electing  these  gentlemen,  if  you  are  in  favor  of 
the  recommendation  of  your  committee. 

Mr.  Field  (Columbus,  O.)  :  1  move  that  the  sec- 
letary  be  instructed  to  cast  the  ballot  of  the  associa- 
tion for  the  officers  named. 

(The  motion  was  carried.) 

The  President:     1  declare   the  gentlemen  elected. 

(Questions  Nos.  27  and  28  were  then  taken  up, 
and  the  answers  read,  for  which  see  Question  Box.) 

Mr.  Nicholls:  Do  I  understand  that  this  is  the 
last  executive  session  of  the  convention  ?  1  do  not 
think  it  is  likely  that  we  shall  call  another,  and  for  that 
reason  someone  should  move,  unless  there  is  a  per- 
manent committee,  that   a   committee  of   five  on  reso- 


lutions  of  thanks  be  appointed  to  express  our  thanks 
to  those  who  have  been  courteous  to  us  and  have  en- 
tertained and  worked  for  us. 

The  President  :  I  had  it  in  mind  to  appoint 
such  a  committee,  and  if  there  is  no  objection  I  will 
do  so. 

(The  executive  session  then  adjourned.) 


OPEN    SESSION 

The  Presidknt:  Will  Mr.  A.  W.  Field  and  Mr. 
A.  J.  DeCamp  please  escort  Mr.  Ferguson,  the  newly- 
elected  president,  to  the  chair? 

Mr.  Ferguson  :  Mr.  President  and  gentlemen  :  I 
thank  you  most  heartily  for  the  honor  you  have  con- 
ferred upon  me  in  electing  me  to  the  presidency  of 
your  association,  and  I  am  especially  gratified  at  the 
unanimous  manner  in  which  you  have  elected  me.  I 
shall  endeavor,  with  your  assistance,  to  administer  the 
duties  of  the  office  to  your  entire  satisfaction. 

The  PREsn)ENT :  I  congratulate  you,  Mr.  Ferguson. 
Gentlemen,  I  think'  we  shall  all  find  that  the  affairs  of 
the  association  will  pros[>er  under  Mr.  Ferguson's 
management,  if  he  keeps  his  usual  good  health. 

(President-elect  Ferguson  in  the  chair.) 

Mr.  Nicholls:  There  is  a  resolution,  Mr.  Presi- 
dent-elect and  gentlemen,  that  I  wish  to  submit 
to-night,  because  I  think  a  great  many  of  the  members 
will  be  leaving  to-morrow  morning,  and  I  want  this 
resolution  to  be  unanimous  and  as  hearty  and  respon- 
sive as  can  be.  I  want  to  pro})ose  a  vote  of  thanks 
to  our  retiring  president,  Mr.  Doherty.  I  do  not  think 
any  of  you  can  appreciate  the  amount  of  work  that 
Mr.  Doherty  has  done  this  year  on  behalf  of  the 
association.  The  mere  fact  of  getting  up  the  pro- 
gramme placed  before  you,  extensive  as  it  is,  has 
entailed  an  enormous  amount  of  work,  and  Mr. 
Doherty  has  been  indefatigable  in  season  and  out  of 
season  in  working  for  the  interests  of  this  association. 
In  some  things  I  agree  with  him,  and  in  other  things 
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I    do    not    agree    with    him,  but    at    the    same  time  I 

recojrnize  his  zeal,  his  ability,  and  his  disinterestedness, 

and  I  therefore  have  much    pleasure   in  moving  that  a 

formal  vote  of   thanks    be    tendered    Mr.   Doherty,  the 

retiring    president,    for    his    efforts    on    behalf    of    the 

association,    and    that    a    set    of   engrossed    resolutions, 

indicating  the  esteem  of  the  association  for  its  retiring 

president,  be  prepared  in  due   course  and  presented  to 
Mr.   Doherty. 

Mr.  Aver:  I  have  much  pleasure  in  seconding 
the  motion. 

President-klect  Fercjuson  :  Before  putting  the 
motion,  I  want  to  add  a  word  to  what  Mr.  Nicholls 
has  said.  Mr.  Doherty,  in  his  opening  address,  was 
very  brief  in  speaking  of  what  the  officers  of  this 
association  had  done  during  the  past  year.  Mr. 
Doherty  might  well  have  said  what  the  president  of 
the  association  had  done  during  the  past  year,  because 
I  have  been  vice-president  of  the  association  and  I 
know  that  the  officers  of  the  association  who  have 
done  the  work  are  represented  by  one  man,  and  that 
is  our  retiring  president,  Mr.  Doherty.  A  man  of 
work,  he  has  been ;  you  can  see  the  results  before 
you,  in  all  the  papers  that  have  been  presented,  and 
in  the  general  conduct  of  the  affairs  of  the  meeting. 
The  labor  involved  in  the  Question  Box  alone  has 
been  simply  tremendous.  Mr.  Doherty  has  handled 
all  these  matters  single-handed  in  connection  with  the 
assistant  secretary  of  the  association,  Mi§s  Billings,  and 
has  been  practically  unaided  by  the  executive  com- 
mittee or  other  officers  of  the  association.  Therefore, 
it  is  with  great  pleasure  that  I  put  this  motion  before 
you.  All  those  in  favor  of  extending  a  vote  of  thanks, 
as  Mr.  Nicholls  has  expressed  it,  please  signify  the 
same  by  rising. 
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(The  motion  was  unanimously  carried.) 
Mr.  Doherty  :  Mr.  Chairman  and  gentlemen  :  If 
I  have  worked  hard  for  the  success  of  this  meeting,  I 
certainly  have  been  well  repaid  for  it  by  the  thanks 
you  have  given  me  and  the  appreciation  you  have 
shown  for  my  labors.  1  have  tried  to  make  this 
meeting  a  success.  I  can  not  agree  with  Mr.  Ferguson 
that  I  have  done  it  all  alone.  I  did  not  ask  Mr. 
Ferguson  to  take  up  any  of  the  hard  work  of  the 
association — although  he  was  ready  to  do  it — for  he 
was  very  busy  and  we  thought  we  could  carry  it  along 
by  ourselves.  I  do  want  to  say,  as  I  said  in  my 
presidential  address,  that  Miss  Billings,  I  think,  de- 
serves more  credit  for  this  meeting  than  does  any 
other  one  person.  I  want  to  share  in  the  credit  if 
the  meeting  is  a  success,  but  Miss  Billings  deserves 
more  credit  than  anyone  else. 

President-elect  Ferguson  :  I  have  the  pleasure 
of  introducing  Mr.  Russell  Spaulding,  who  will  read  a 
paper  on  **  Display  Lighting,    Signs  and   Decorations.'' 


Mr.   Spaulding  read  the  following  paper : 

DISPLAY  LIGHTING,  SIGNS  AND  DECORATIONS 


The  fact  that  a  large  number  of  small  units  of 
light  is  infinitely  better  for  decorative  purposes  than 
large  and  intense  light  centres,  has  long  been  known. 
Before  the  advent  of  electricity  in  a  commercial  form 
our  chief  illuminant  was  gas,  and  this  in  turn  was 
preceded  by  the  candle. 

The  candle  afforded  but  a  small  unit  of  light,  ana 
until  such  improvements  in  gas  lighting  as  the 
Welsbach  burner  and  others  had  been  invented,  gas 
jets  were  subject  to  the  same  restriction.  These 
limitations  may  have  been  the  reason  for  forcing 
upon  decorators  the  use  of  a  large  number  of  small 
units  of  light,  or  it  may  be  that  their  artistic  instincts 
convinced  them  that  nothing  else  would  do.  It  is 
noteworthy  that  those  inventions  in  gas  lighting  which 
permit  intense  light  centres  have  never  been  utilized 
except  for  the  purpose  of  dispelling  darkness,  and 
have  never  made  part  of  a  scheme  of  decorative 
lighting. 

The  arc  lamp  was  the  first  manifestation  of  elec- 
tric lighting  in  a  commercial  form,  but  its  very 
intensity  formed  an  insuperable  obstacle  to  its  adop- 
tion for  decorative  purposes. 

The  next  development  was  the  incandescent  bulb, 
at  first  large  and  of  great  candle  power,  then  gradually 
diminishing    in    size    and    intensity    until    the    sixteen- 


candle-power  lamp  became,  and  is  still  admitted  to 
be,  the  standard  for  general  illumination. 

For  decorative  purposes  the  first  notable  use  of 
ten  and  eight-candle-power  lamps  on  a  large  scale  was 
at  the  World's  Fair  in  Chicago,  and  the  eight-candle- 
power  lamp  proved  its  desirability  by  the  further 
success  attained  in  the  lighting  of  the  Pan-American 
Exposition.  To-day,  the  four-candle-power  lamp  is 
the  standard  for  most  decorative  work  ;  one,  two  and 
three-candle-power  lamps  being  also   largely  used. 

What  seems  to  be  the  least  understood  is  the 
proper  relation  between  the  size  and  intensity  of  light 
units  as  compared  with  the  magnitude  of  the  display 
under  consideration.  This  involves  the  **  point  of 
view."  When  seen  at  a  great  distance,  and  from  the 
water  line,  the  arc  lamps  on  the  Brooklyn  Bridge 
form  a  beautiful  diadem,  but  from  the  bridge  itself 
the  effect  is  entirely  lost,  as  the  proximity  of  the 
beholder  is  out  of  proportion  with  the  distance  from 
arc  to  arc  and  with  the  distance  from  arc  to  beholder, 
and,  further,  with  the  intensity  of  the  arcs  themselves. 
No  more  beautiful  .sight  could  be  iitiagined,  however, 
than  this  same  bridge  outlined  with  eight-candle-power 
frosted  incandescent  lamps  one  foot  apart ;  the  vista 
from  the  bridge  itself  would  be  marvelous  and  at  a 
distance  the  effect  would  be  that  of  continuous  lines 
of  fire. 

A  few  general  rules  might  be  formulated  as 
follows :  The  nearer  the  distance  to  the  observer,  the 
smaller  the  unit  should  be  in  size  and  intensity  and 
the  nearer  the  units  should  be  to  one  another.  Dis- 
plays  at  short  range,  such  as  indoor  decorations, 
should  invariably  consist  of  frosted  lamps,  and  the 
distance  between  lamps  should  be  such  that  the 
halation  has  practically  a  uniform  value  from   bulb  to 


bulb,  esf)ecially  where  continuity  of  line  or  curve  is 
essential.  Obtrusiveness  and  glare  should  be  studiously 
avoided,  and  existing  conditions  of  the  surroundings 
should  always  be  taken  into  account. 

In  electrical  displays  as  in  everything  else  success 
depends  on  harmony.  The  creation  of  a  harmonious 
whole  is  a  problem  even  where  only  white  lights  are 
used ;  where  color  is  introduced  it  becomes  more 
complex.  A  mistake  that  is  often  made  is  to  intro- 
duce too  many  different  colors  in  decorations.  Single- 
tone  effects,  or  effects  involving  white  lamps  alter- 
nating with  some  one  color,  are  the  most  satisfactory. 
White  frosted  and  green  frosted  bulbs  in  alternation 
will  fit  most  cases ;  especially  where  natural  greens 
are  used.  A  decoration  consisting  of  natural  greens 
and  gold  frosted  lamps  is  most  effective  in  a  hall  the 
walls  of  which  are  neutral  in  tint. 

In  the  outlining  of  buildings  plain  lamps  may  be 
used,  although  frosted  lamps  will  give  a  better  effect. 
Twelve  inches  is  a  good  distance  to  maintain  between 
lamps.  Where  the  building  itself  has  architectural 
excellence,  the  main  lines  may  be  accentuated  by 
electric  outlining  with  good  results,  as  they  were  at 
the  Pan-American  Exposition.  Where  the  building 
possesses  no  particular  beauty,  garlands  and  festoons 
may  be  employed  to  supply  the  attractiveness  that 
would   otherwise  be  wanting. 

The  aim  and  object  of  all  display  lighting,  either 
in  decorations  or  signs,  is  to  make  an  attractive  effect. 
This  is  best  attained,  as  said  above,  by  avoiding  glare 
and  obtrusiveness.  The  onlookers  should  not  receive 
the  impression  that  some  one  is  making  an  electrical 
display  ;  the  impression  should  be  that  life  and  light 
have  been  infused  and  evenly  disseminated  in  a  deco- 
ration that  otherwise  would    have    appeared    dead,  by 


comparison,  in  reflected  light  only.  That  these  facts 
are  daily  forcing  themselves  more  and  more  upon  a 
thinking  public  is  evidenced  by  the  increasing  demand 
for  means  toward  the  ends  enumerated ;  that  these 
demands  are  genuine  is  evidenced  by  the  amount  of 
money  and  energy  that  have  been  expended  to  meet 
them. 

The  chief  obstacles  to  decorative  lighting  have 
been :  Great  cost ;  defacement  of  rooms  by  installation 
of  temporary  decorations;  lack  of  safety  in  apparatus; 
lack  of  small  lamps  that  can  be  used  in  multiple  on 
loo-volt  to  1 20 volt  circuits;  length  of  time  necessary 
to  prepare  for  decorations;  length  of  time  consumed 
in  erecting  same.  The  last  two  conditions  have  in 
the  past  made  it  impossible  to  undertake  elaborate 
decorations  at  short  notice.  All  these  obstacles  and 
many  others  have  been  successfully  overcome,  and 
to-day  the  market  affords  apparatus  that  permits  elab- 
orate decorations  to  be  made  at  a  reasonable  figure, 
without  defacing  property,  with  perfect  safety,  with 
lamps  less  than  one  inch  in  diameter,  of  one-candle- 
power,  operating  in  multiple  on  120-voIt  circuits,  with- 
out preparation,  at  short  notice,  and  in  a  few  hours. 
The  most  notable  example  of  this  was  the  decoration 
at  the  Metropolitan  Opera  House,  in  New  York,  for 
the  gala  performance  in  honor  of  Prince  Henry  of 
Prussia.  Here,  without  previous  preparation,  8,500 
incandescent  bulbs  of  four  candle  power  were  installed 
in  the  most  inaccessible  places  in  the  space  of  four- 
teen hours,  without  driving  a  single  nail  or  screw, 
without  breaking  a  single  lamp  or  blowing  a  single 
fuse ;  the  installation  including  a  movable  drop  curtain, 
sixty  feet  by  sixty  feet,  containing  3,000  lights. 

The  shortcomings  of  signs  have  been  :  Their  ex- 
pense ;  their  fraility  when  exposed  to  the  deteriorating 
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effects  of  the  weather ;  their  clumsiness  and  unattrac- 
tiveness,  and  their  limitations  to  some  one  combina- 
tion of  letters  or  to  some  one  design.  All  these  have 
been  met  and  overcome.  We  have  to-day  all  kinds 
of  signs :  changeable  signs  operated  by  keyboards  that 
permit  the  instantaneous  spelling  of  any  desired  word 
or  sentence ;  detached  metal  letters  of  all  shapes  and 
designs,  which  permit  the  consumer  readily  to  make 
up  any  legend  ;  decorative  signs  of  all  shapes ;  sockets 
joined  with  adjustable  links,  permitting  the  rapid  for- 
mation of  any  letter  or  design  ;  electric-lighting  boards 
on  which  any  combination  of  letters  or  design  may 
be  traced  and  then  outlined  electrically  by  implanting 
bulbs. 

Here,  again,  the  relation  between  the  size  and  in- 
tensity of  the  bulbs  themselves  as  compared  with  the 
size  of  the  letter  is  not  always  given  proper  consider- 
ation. Another  necessity  for  proper  effect,  which 
seems  to  have  been  understood  by  but  few  people,  is 
the  necessity  of  a  light-absorbing  background  in  order 
to  make  the  sign  more  readable  by  night  and  attrac- 
tive by  day.  A  walk  in  the  evening  on  Broadway, 
New  York  City,  or  on  any  similar  thoroughfare  of 
our  large  cities,  reveals  the  fact  that  the  great  majority 
of  signs  in  use  leave  much  to  be  desired,  and  that  in 
the  daytime  most  of  them  are  positively  unsightly. 

Frosted  bulbs  should  invariably  be  used  except 
where  the  sign  is  at  a  great  height. 

In  the  foregoing,  the  exclusive  use  of  small  lamps, 
from  the  point  of  view  of  the  artist  and  decorator, 
has  been  advocated.  Let  us  now  consider  the  matter 
from  the  point  of  view  of  the  central  station 
manager.  The  central  station  manager's  chief  aim  is, 
of  course,  to  have  as  much  current  consumed  as 
possible,  and  to  this   end    he   will   naturally  encourage 


the  use  of  all  devices  that  consume  current  and 
oppose  all  devices  calculated  to  reduce  current  con- 
sumption. Small  lamps  are  in  this  last  category,  and 
therefore  meet  with  opposition  or  fail  to  find 
encouragement.  Such  a  policy  may  be  advisable  in 
general  illumination,  but  in  sign  or  decorative  lighting 
such  reasoning  would  be  fatal.  In  display  lighting 
the  chief  object  is  to  produce  a  fine  effect.  This 
object  the  larger  lamp  defeats  and  the  small  lamp 
accomplishes.  Small  lamps  will,  therefore,  secure  for 
the  central  station  a  consumption  of  current  that 
otherwise  could  not  exist. 

Leaving  attractiveness  out  of  consideration,  a 
consumer  might  be  deterred  from  erecting  an  elec- 
trical sign  comprising  one  hundred  sixteen-candle- 
power  lamps,  owing  to  the  large  cost  of  maintenance. 
The  cost  of  maintaining  one  hundred  eight-candle- 
power  lamps  might  also  deter  him ;  whereas  the 
maintenance  of  one  hundred  four-candle-power  lamps 
might  seem  reasonable  enough.  Furthermore,  the 
consumer,  if  pleased  with  his  sign,  will  probably 
want  several  others.  Then,  again,  he  will  be  liable  to 
burn  the  signs  for  more  hours  per  day  than  he  would 
if  the  bulbs  were  larger,  and  in  the  end  will  consume 
much  more  current  than  he  would  consume  were  he 
restricted  to  large  lamps.  The  force  of  example  and 
keenness  of  competition  will  come  to  the  aid  of  the 
central  station,  and  merchants  will  vie  with  each 
other  in  making  electrical  displays. 

Where  the  incandescent  bulb  is  used  simply  to 
dispel  darkness  and  to  permit  the  pursuit  of  business 
when  daylight  fails,  the  consumer  will  try  to  get  the 
most  light  for  the  least  money  and  will  exercise  an 
economy  that  the  central  station  considers  deplorable. 
Give   your   consumer,   however,  a  method   of    lighting 
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that  is  not  only  going  to  dispel  darkness  in  his 
premises,  but  is  going  to  please  his  eye  and  enhance 
the  beauty  of  his  store  or  residence,  or,  perhaps,  supply 
beauty  where  none  exists, — in  short,  give  him  a  method 
that  is  attractive — and  you  will  find  that  he  will  use 
more  current  than  he  ever  did  before.  The  merchant 
will  not  only  use  it  in  his  electroliers,  but  he  will  use 
it  for  making  his  window  displays  attractive.  He 
will  use  it  for  illuminating  advertising  cards ;  he 
will  use  it  for  electric  signs  if  they  are  going  to  cause 
comment  and  draw  trade  to  his  place  of  business. 
On  occasions  that  he  wishes  to  make  festive,  he  will 
replace  the  bunting  and  floral  decorations  with  electrical 
festoons  and  garlands  and  emblems,  or,  perhaps,  add 
them  to  the  other  decorations,  whereas  he  would  not 
consider  doubling  up  the  number  of  his  electroliers, 
nor  would  he  consider  converting  his  place  of  busi- 
ness into  an  artificial  sun  parlor. 

In  residences,  the  consumer  will  be  tempted  on 
festive  occasions  to  add  to  the  glory  of  the  occasion 
by  introducing  more  or  less  elaborate  decorations ;  on 
the  table  for  a  banquet,  about  the  rooms  for  a  ball 
or  reception,  and  in  the  summer  time  outside  of  his 
house,  his  verandas,  his  trees,  his  lawns,  may  all  be 
made  to  look  like  fairyland  ;  the  chief  requisite  being 
rapidity  of  execution,  reasonable  cost,  and,  above  all, 
a  small  lamp.  In  very  few  instances  will  the  consumer 
consider  the  amount  of  extra  current  that  he  will 
consume  for  a  temporary  decoration  ;  he  will  be  mainly 
concerned  with  the  cost  of  the  decoration  itself. 
To-day  the  markets  afford  means  of  making  these 
decorations  at  a  reasonable  cost,  and  it  is  to  the 
central-station  manager's  best  interests  to  encourage 
their  use. 
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The  subject  of  illumination  and  display  lighting 
has  been  most  deeply  and  ably  dealt  with  by  Mr. 
Luther  Stieringer  and  others.  Among  the  many 
instructive  and  interesting  papers  that  Mr.  Stieringer 
has  prepared  and  published,  I  have  selected  for  reprint 
a  paper  that  he  read  before  the  Association  of  the 
Edison  Illuminating  Companies,  at  a  meeting  held  in 
Buffalo,  on  September  lo,  1901  ;  also,  through  the 
courtesy  of  Mr.  T.  C.  Martin,  an  article  entitled, 
**  From  Christmas  Tree  to  Pan-American,"  published 
in    the   Electrical    World  and  Engineer,    August   24, 

1 901.  These  reprints   have  been  affixed  to  and  made 
■part  of  this  paper. 

Those  who  are  further  interested  will  be  repaid  by 
a  perusal  of  the  following :  Dr.  Louis  Bell's  articles 
on  electrical  illumination  appearing  serially  in  the 
Electrical  World  and  Engineer  ;  **  Ground  Lighting  at 
the  Pan-American  and  Prior  Exhibitions,"  by  Luther 
Stieringer,  Electrical  World  and  Engineer,  July  20, 
1901  ;  **A  Brief  History  of  Luminous  Fountain  De- 
velopments," by  the  same  author.  Electrical  World 
and  Engineer,  September  14,  1901  ;  **  Decorative  Light- 
ing at  the  Pan-American  Exposition,"  appearing  in 
the  Electrical  Review,  June  22,  1901.  In  the  Western 
Electrician  of  August  17,  1901,  **  Edison  at  the  Pan- 
American  Exposition;"  in    the   same   paper.  May   18, 

1902,  an  interesting  article  by  Orrin  E.   Dunlap. 


President-elect  Ferguson  :  I  am  sure  we  feel 
grateful  to  Mr.  Spaulding  for  this  interesting  paper. 
There  is  attached  to  this  paper  one  by  Mr.  Stieringer, 
which  is  a  description  of  the  lighting  that  has  been 
done  at  the  various  expositions  throughout  the 
country.     As   the    hour    is    growing    late,    perhaps    we 
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can  omit  the  reading   of   that  paper  here,  because  you 
can  take  it  home  and  read  it  at  your  leisure. 

We  will  now  hav^e  a  paper  on  **  Possibilities  of  Sign 
and  Decorative  Lighting,"  by  Mr.  E.  J.   McAllister. 


Mr.   McAllister  read  his  paper,  as  follows : 

POSSIBILITIES    OF    SIGN    AND    DECORATIVE 

LIGHTING 

**  Like  the  stockman's  brand,  it  literally  burns  its 
message  into  the  public  mind,"  is  the  heading  used 
in  advertising  the  product  of  a  certain  manufacturer 
of  electrically  illuminated  signs.  The  comparison  is 
an  apt  one,  for  scarcely  anything  leaves  so  indelible 
an  impression  upon  the  human  mind  as  does  that 
object,  the  principal  part  of  which  is  light  judiciously 
arranged. 

That  merchants  begin  to  realize  the  overwhelming 
value  and  importance  of  a  well-lighted  place  of  busi- 
ness, is  demonstrated  by  the  attention  that  is  now 
given  this  detail  in  constructing  modern  mercantile 
buildings,  and  as  the  interior  attractiveness  of  a  place 
of  business  is  very  likely  to  be  judged  by  external 
appearances,  the  merchant  seeks  to  make  his  place  of 
business  as  attractive  and  cheerful  as  possible  extern- 
ally as  well  as  internally. 

By  the  introduction  of  the  incandescent  lamp  the 
many  difficulties  of  effective  store  lighting  by  artificial 
means  were  reduced  to  a  minimum,  but  nowhere  has 
the  difference  in  effect  been  so  marked  as  in  the  ex- 
ternal appearance  of  such  buildings  as  are  devoted  to 
purposes  calculated  to  draw  people  to  them  after  dark. 

In  the  city  of  New  York,  where  a  total  of  a  little 
over  one  million  sixteen-candle-power  lamps,  or  their 
equivalent,  are  in  circuit,  it  is  estimated  that  a  little 
more  than  ten  oer  cent  of  the  total  incandescent  cur- 


rent  supplied  is  used  for  out-of-door  sign  lighting. 
Considering  that  this  sign  lighting  is  confined  to 
strictly  mercantile  thoroughfares  like  Broadway,  while 
the  circuits  of  the  local  illuminating  company  cover 
an  enormous  territory,  this  proportion  of  sign  light- 
ing is  considerable,  and  especially  so  when  it  is 
remembered  that  practically  all  of  these  signs  use 
nothing  higher  than  eight-candle-power  lamp  units. 


Out-of-door  lighting  has  for  the  most  part  been 
spectacular  in  character,  rather  than  decorative,  as  its 
purpose  was  to  attract  attention  in  the  most  per- 
sistent manner  possible;  but  with  the  increased  and 
cheapened  facilities  for  handling  this  class  of  lighting, 
and  as  a  result  of  a  more  thorough  knowledge  of  the 
artistic  possibilities  for  units  of  light  properly  handled. 


the  tendency  has  steadily  been  in  the  direction  of  a 
more  decorative  effect.  Even  the  ordinary  electrically 
illuminated  sign  is  now  relieved  of  that  crude,  un- 
finished appearance  that  not  long  since  was  considered 
an  unavoidable  characteristic  of  such  production,  and 
as  now  constructed  can  he  made  to  avoid  entirely  the 
hideousness  that  formerly  made  it  an  objectionable 
blot  upon  the  architectural  features  of  a  building. 


For  purposes  of  spectacular  or  decorative  public 
illuminations,  the  incandescent  lamp  has  naturally 
superseded  all  other  illuminants.  Not  only  has 
lighting  of  this  class  in  its  most  advanced  form  been 
a  particularly  important  feature  of  modern  exhibitions, 
such  as  the  Pan-American,  but  even  a  city  providing 
entertainment  for  a  multitude  of  visitors  upon  some 
special    occasion    no    long^er    considers    its    programme 
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complete  unless  including  a  public  electrical  illumin- 
ation of  some  pretension.  Even  pyrotechnical  dis- 
plays are  being  abandoned  in  favor  of  spectacular 
electrical  illuminations,  the  stated  reasons  being  that,  at 
best,  the  fireworks  entertain  for  but  a  few  moments, 
and  even  their  success  or  failure  is  largely  dependent 
upon  weather  conditions.  The  electrical  illumination 
is  a  success  in  any  kind  of  weather ;  its  varied  effects 
arc  calculated  to  entertain  and  charm  the  eye,  not  for 
a  few  moments  merely,  but  for  hours  or  for  as  long 
as  is  desired  each  night.  Moreover,  a  journey  to 
some  distant,  overcrowded  inclosure  far  enough  from 
the  city  to  minimize  fire  risks  is  not  necessary. 

The  incandescent  lamp  lends  itself  so  readily  to  all 
forms  of  architectural  and  emblematic  embellishment, 
and  is  so  adaptable  to  the  carrying  out  of  attractive 
color  schemes  in  great  variety,  that  the  city's  public 
buildings,  the  principal  thoroughfares,  or  perchance  a 
centrally  located  park,  are  the  settings  best  adapted 
to  the  needs  of  an  effective  electrical  illumination. 
Most  important  of  all,  moreover,  is  the  fact  that  the 
electrical  illumination  is  not  extravagantly  expensive 
considering  its  great  value  as  a  source  of  really 
enjoyable  entertainment. 

The  external  lighting  of  commercial  buildings  will 
undoubtedly  be  more  or  less  closely  confined  to  the 
use  of  illuminated  signs  of  one  description  or  another, 
as  what  is  desired  here  is  a  permanent  individuality 
of  effect  that  readily  distinguishes  one  place  of  busi- 
ness from  any  other  similarly  well-lighted  building  in 
the  immediate  vicinity,  and  in  no  way  can  the  char- 
acteristic of  marked  individuality  be  so  completely 
attained  as  by  means  of  the  electric  sign.  The  field 
of  decorative  lighting — or,  perhaps,  more  properly 
speaking,  spectacular  lighting  of  a  decorative  character 
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— is,  however^  a  sufficiently  large  one  even  if  con- 
fined strictly  to  interior  embellishments  or  temporary 
out-of-door  illuminations. 

During  the  past  two  years  considerable  attention 
has  been  given  to  the  subject  of  interior  decorative 
illuminations,  especially  by  large  retail  stores  or  de- 
partment stores,  and  a  great  variety  of  really  beauti- 
ful effects  have  been  obtained.  In  this  class  of  work, 
however,  as  in  any  purely  decorative  work,  an  experi- 
enced touch  is  essential  to  the  best  results,  and  if 
possible  the  general  scheme  should  be  laid  out  by 
some  competent  person  thoroughly  versed  in  the 
matter  of  artificial  light  and  its  value  under  varying 
conditions.  Too  much  or  too  little  light,  too  many 
or  too  few  units,  or  units  of  improper  intensity  or 
erratic  spacing, — will  always  seriously  injure  effects 
that  might  otherwise  be.  perfect.  Great  care  must 
also  be  exercised  where  an  attempt  is  made  to  use 
colored  lamps.  Nothing  is  so  annoying  to  the  esthetic 
eye  as  the  indiscriminate  use  of  red,  white  and  blue 
lamps,  with  which  the  average  electrician  insists  upon 
sprinkling  his  decorative  work.  Patriotic  it  may  be ; 
artistic,  never !  While  even  the  spectacular  effect 
aimed  at  is  killed  as  a  result  of  lamps  of  the  various 
colors  not  being  equally  distinct,  to  say  nothing  of 
the  destroyed  artistic  harmony. 

The  subject  of  show-window  lighting  deserves 
more  than  passing  notice.  To  display  properly  the 
goods  exposed  in  a  window,  a  top  light  thrown 
strongly  upon  the  articles  exhibited,  but  screened  from 
the  eye  of  the  observer  in  the  street,  is  absolutely 
essential ;  but  in  the  way  of  attracting  attention  to 
some  particular  line  of  goods  displayed,  nothing  can 
be  more  satisfactory  than  a  touch  of  spectacular  or 
decorative  lighting.     This  work  should    be   of    such  a 
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character  as  not  to  show  obtrusively  by  daylight,  and, 
in  order  to  avoid  glare  at  night,  the  lamps  used  should 
be  of  very  low  candle  power.  It  is  often  found  that 
a  mechanical  movement,  or   something  in  the  way  of 
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optical  illusion,  which  lends  life  and  spirit  to  the 
display,  is  very  desirable.  Most  of  the  large  depart- 
ment stores  that  constantly  use  such  window  displays 
have   employees   specially  skilled   and   experienced   in 
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this  class  of  work,  who  provide  such  novelties  from 
time  to  time ;  and  there  are  also  one  or  two  manu- 
facturers of  electrical  specialties  from  whom  may  be 
rented  at  reasonable  rates  any  one  or  more  of  a  large 
variety  of  such  display  pieces,  society  and  patriotic 
emblems,  etc.,  suitable  for  use  either  in  show  windows 
or  wherever  desired ;  those  of  the  pieces  designed 
especially  for  indoor  use  at  close  range  usually  being 
very  handsomely  finished,  as  well  as  unique  and 
attractive  in  design. 

For  purposes  of  decorative  lighting  in  show  win- 
dows, and,  in  fact,  for  purposes  of  purely  decorative 
interior  lighting  generally,  nothing  is  so  well  adapted, 
or  lends  itself  so  gracefully  to  the  usual  requirements 
of  the  case,  as  the  miniature  series-burning  lamp,  with 
its  low  candle  power,  small  and  unobtrusive  receptacle, 
and  low-current  consumption.  This  advantage  of  the 
miniature  lamp  also  applies  in  the  case  of  very  small 
illuminated  letters  —  letters  less  than  ten  inches  in 
height — where  a  large  bulb  would  appear  entirely  out 
of  proportion. 

The  greatest  barriers  to  the  more  common  use  of 
decorative  lighting  and  illuminated  sign  advertising 
have  heretofore  been — first,  the  seemingly  high  initial 
cost  of  the  installation,  and  second,  the  cost  of  main- 
tenance in  the  form  of  bills  for  current  consumed. 
In  reply  to  such  arguments  it  might  be  stated  that 
any  good  form  of  advertising  is  expensive ;  and  the 
experience  of  thousands  of  users  of  eleciric  signs  who 
have  kept  their  lights  burning  for  upward  of  ten 
years,  and  who  would  not  think  of  discontinuing 
their  use  now,  would  seem  to  indicate  the  quality  of 
electric-sign  advertising  as  **good."  What  applies  to 
an  illuminated  sign  also  applies  in  a  great  measure  to 
decorative  lighting  in  general,  as  it  can  not  be  denied 
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that  the  happiest  possible  medium  through  which  to 
approach  the  public  is  the  sense  of  sight,  and  the 
universal  appreciation  of  light  artistically  or  spectacu- 
larly displayed. 

As  a  matter  of  course,  it  is  not  to  be  expected 
that  every  shop  in  a  given  block  would  find  such 
advertising  sufficiently  profitable  to  be  within  reach, 
even  if  the  cost  of  it  were  fifty  per  cent,  or  perhaps 
even  seventy-five  per  cent,  below  present  rates ; 
neither  would  they  find  the  same  amount  invested  in 
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local  printer's  ink  any  more  profitable.  It  is  to  the 
live  business  man,  who  has  a  class  of  merchandise 
that  warrants  his  going  to  some  trouble  and  expense 
to  tell  the  local  public  of  that  fact,  that  the  features 
of  advertising  by  means  of  light  appeal ;  for  in  no 
other  form  of  advertising  is  the  matter  of  expense  so 
absolutely  under  instant  control.  A  sudden  storm,  or 
other  unfavorable  condition,  renders  its  use  un- 
warranted ;   the  throwing   of   a   switch   instantly  stops 
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all  expense  except  the  slight  charge  of  interest  on 
investment.  As  a  matter  of  fact,  however,  the  expense 
of  illuminated"  sign  work  is  slowly  but  constantly 
decreasing,  and  such  work  is  being  produced  to-day 
for  from  forty  to  fifty  per  cent  less  than  was  charged 
only  a  few  years  since  for  a  product  much  inferior 
both  in  general  appearance  and  actual  merit.  Con- 
sequently the  initial  cost  of  a  properly  constructed 
illuminated  sign  is  now  so  slightly  greater  than  that 
of  a  first-class  product  of  any  regular  sign-writer's 
skill  as  practically  to  remove  the  first  barrier,  initial 
cost.  The  second  difficulty — cost  of  maintenance — is 
a  problem  that  can  be  solved  only  by  the  local  illumi- 
nating companies,  though  a  step  in  the  right  direction 
has  undoubtedly  been  made  in  the  commercial  intro- 
duction of  low-candle-power,  multiple-burning  lamps. 
It  is  a  well-recognized  fact  that  for  ordinary  sign 
lighting,  unless  in  large  signs  designed  to  be  read  at 
a  great  distance,  a  fifteen  to  twenty-watt  lamp  is 
really  more  desirable  than  one  of  greater  brilliancy, 
as  it  produces  sufficient  light  to  illuminate  its  sur- 
roundings adequately,  yet  does  not  produce  that  glare 
which  frequently  renders  the  average  small-lettered 
electrical  sign  absolutely  unintelligible  when  viewed 
from  a  little  distance ;  and  in  an  electric  sign  using 
several  hundred  units,  it  makes  quite  a  difference 
whether  each  unit  is  consuming  twenty-eight  to  thirty 
watts  or  only  fifteen  to  twenty  watts,  especially  if 
the  low-watt  lamp  is  as  satisfactory  for  its  illuminat- 
ing purposes  as  one  of  higher  candle  power. 

From  the  standpoint  of  the  central  station  the 
low-candle-power  lamp  might  be  regarded  with  ex- 
treme disfavor  as  a  revenue  producer,  especially  by 
those  illuminating  companies  furnishing  free  renewals ; 
but    considering   the    probable    increase    in    load    that 
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would  result  from  more  common  use  of  electric  signs 
and  longer  hours  of  burning,  it  is  certainly  debatable 
whether  the  low-candle-power  lamp,  with  its  low 
economy  and  correspondingly  long  life,  is  not  a 
profitable  investment  after  all. 

Incidental  to  this  discussion  of  the  cost  of  main- 
taining an  electric  sign,  it  might  not  be  amiss  to  say 
a  word  or  two  regarding  another  item  coming  under 
the  heading  of  cost  of  maintenance  ;  namely,  cost  of 
repairs.  A  poorly-constructed  sign,  or  one  imperfectly 
protected  against  the  penetration  of  rain  or  snow  to 
its  interior,  will  not  infrequently  necessitate  an  annual 
repair  bill  equal  to  fully  half  the  original  cost  of  the 
sign.  As  a  result  of  all  this,  not  only  does  this 
customer  soon  discontinue  the  use  of  his  sign,  but 
his  neighbors,  discouraged  by  his  experience,  learn  to 
regard  with  disfavor  any  proposition  likely  to  subject 
them  to  similar  experiences.  Signs  properly  con- 
structed and  protected  against  the  action  of  the 
elements  have  been  in  constant  service  for  from  eight 
to  ten  years,  their  only  expense  for  repairs  being  an 
occasional  coat  of  paint,  and  these  signs  are  to-day  in 
practically  as  good  condition  as  when  originally 
installed.  The  difference  in  cost  of  protected  and  un- 
protected signs  is  only  about  ten  per  cent,  and  in 
any  event  is  too  slight  to  be  considered  in  view  of 
the  difference  in  value. 

To  a  great  extent,  illuminated  signs  are  still  con- 
sidered among  the  luxuries  of  advertising,  but  the 
demand  for  them  begins  to  come  from  that  numerous 
class  of  smaller  tradesmen  who  heretofore  annually 
used  more  or  less  space  in  local  newspapers  but  now 
find  it  profitable  to  use  a  portion  of  their  advertising 
appropriation  in  a  more  modern  manner.  The  pro- 
portion    of     expenditures    in    the     various    forms    of 


advertising  opened  up  as  a  result  of  the  ready  adapta- 
bility of  electricity,  is  constantly  increasing,  and  how 
to  encourage  this  tendency  further  on  the  part  of 
their  customers  is  becoming  an  important  question  to 
managers  of  central  stations.  Many  solutions  of  the 
problem  have  been  tried  and  the  results  have  generally 
been  satisfactory ;  especially  so  where  the  action 
taken  was  based  upon  the  theory  that  sign  and 
decorative  lighting  was  essentially  a  special,  and  as 
yet  practically  undeveloped,  branch  of  central-station 
business,  a  class  of  custom  that  could  be  secured  in 
any  quantity  only  as  a  result  of  liberality  of  a  com- 
prehensive kind  upon  the  part  of  the  central  station. 
Among  the  more  common  of  the  methods  em- 
ployed by  illuminating  companies  to  secure  an 
increase  in  sign  and  decorative  lighting  on  their 
service,  has  been  the  establishment  of  special  rates  on 
all  such  business,  or  the  maintaining  of  a  generous 
scale  of  discounts  based  on  a  customer's  monthly 
consumption  of  current.  One  lighting  company  oper- 
ating in  a  large  eastern  city  adopted  a  policy  of 
furnishing  and  maintaining  any  ordinary  electric  sign 
or  decorative  illumination  designed  by  any  customer 
who  agreed  to  use  it  a  given  number  of  hours  per 
annum,  the  consumer  paying  for  current  at  regular 
meter  rates.  Other  central  stations  have  for  some 
time  followed  the  practice  of  making  a  very  liberal 
special  rate  on  current  used  in  this  manner,  in  addi- 
tion to  which  they  furnish  and  install  any  sign  or 
other  special  lighting  material  required,  charging  the 
customer  in  some  instances  really  much  less  than  the 
article  actually  cost  them,  or,  if  desired,  permitting 
the  customer  to  pay  them  for  it  in  instalments  that 
would  scarcely  be  felt.  Fixed  rules  of  liberality  in 
such    matters    are    extremelv   difficult    to    follow    with 
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any  degree  of  satisfaction,  however,  as  so  much  de- 
pends upon  the  character  of  the  customer  that  is 
being  dealt  with,  and  the  nature  of  his  business ;  the 
first  because  of  its  relation  to  the  moral  risk ;  the 
second  because  of  its  largely  governing  the  commercial 
risk  as  represented  by  the  total  amount  of  current 
likely  to  be  used. 

Upon  the  part  of  the  manufacturers  of  material 
particularly  adapted  to  the  requirements  of  the  various 
forms  of  special  lighting  under  discussion,  consider- 
able progress  has  been  made  during  recent  years,  both 
in  point  of  increased  adaptability,  and  of  reduction  of 
expense,  nor  is  it  to  be  supposed  that  the  end  is  yet 
reached. 

Among  the  more  recent  novelties  that  have  been 
offered  in  the  way  of  improvements  in  material  for 
use  in  decorative  or  sign  lighting  might  be  mentioned 
the  "Mason  Monogram"  or  ''Changing  Letter"  sys- 
tem of  signs;  the  "Elblight"  or  **  Pin  Lamp,"  and 
the  "  Brewster "  or  **  Linked  Receptacle "  systems  : 
these  last  two  being  equally  suitable  for  decorative  or 
sign  work. 

The  **  Monogram"  or  ''Changing  Letter"  system 
above  referred  to,  consists  of  a  glass-faced  box,  in- 
side of  which  is  arranged  a  group  of  oddly-shaped 
cells,  containing  an  incandescent  lamp.  When  all  the 
lamps  are  lighted  the  figure  seen  upon  the  glass  front 
of  the  box  is  merely  a  luminous  geometrical  figure, 
but  if  the  lamps  are  lighted  in  proper  combinations, 
any  desired  letter  or  numeral  is  produced  with  toler- 
able accuracy  of  detail.  A  simple  mechanical  attach- 
ment is  provided  with  each  box  or  monogram,  by 
means  of  which  a  long  series  may  be  automatically 
produced  in  any  desired  sequence,  so  that  one  mono- 
gram may  be   used   to   spell   out  words,  letter   by  let- 


ter;    or    if    several    monograms    be    placed    in    rows, 
entire    words,    or   even    complete    sentences,    may    be 
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flashed    in    and   out   in    ever-changing    variety.      The 
current    consumed    by  this  type  of    sign    is   very  low, 
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as  relatively  few  lamps  are  required  to  produce  any 
given  letter.  The  cost  of  the  monograms  and 
mechanism  is,  however,  rather  high,  and  the  fact  that 
it  operates  upon  the  principle  of  a  transparency  ren- 
ders it  valueless  as  a  day  sign — a  serious  objection 
in  the  minds  of  most  users  of  illuminated  signs. 

The  sphere  of  usefulness  covered  by  the  "Elb- 
light"  or  *^  Pin  Lamp"  system  is  too  extensive  to 
admit  of  more  than  partial  description  in  this  paper. 
It  consists  essentially  of  a  pair  or  several  pairs  of 
conductors  of  opposite  polarity,  made  up  of  innumer- 
able strands  of  very  fine  copper  wire  and  properly 
insulated  or  incased  in  an  outer  covering  consisting 
of  a  close-fibered  ** quick-healing"  fabric  or  material. 
The  lamps  used  have  a  special  base,  provided  with 
two  strong,  sharp  points  or  pins  of  sufficient  length 
to  pierce  the  outer  and  insulating  covers  of  the  con- 
ductors and  make  good  contact  with  the  conductors 
themselves ;  the  fibrous  adhesive  qualities  of  the  outer 
covering  of  the  twin  conductors  being  sufficient  to 
hold  the  lamp  securely  in  place  once  the  pins  are 
thrust  into  it  as  far  as  possible. 

The  conductors  used  in  this  system  of  lighting  are 
provided  in  two  distinct  forms ;  one  for  use  in  pro- 
ducing signs,  emblems,  etc.,  the  other  especially  adapted 
to  the  requirements  of  decorative  lighting.  For  use 
in  the  class  of  work  first  mentioned,  the  insulated 
conductors  in  pairs  of  opposite  polarity  are  flattened 
and  closely  packed,  side  by  side,  in  regular  rows  upon 
a  flat  wooden  surface,  and  secured  in  places  by  a 
strongly  adhesive  compound ;  they  are  then  covered  by 
a  sheet  of  the  fibrous  material,  which  is  similarly 
secured  in  places  by  an  adhesive  waterproof  compound, 
and  the  edges  of  the  board  are  inclosed.  Into  the 
surface  of  this  signboard  lamps  are  stuck,  forming  any 
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character  or  outline  desired.  Upon  removing  the 
lamp  the  holes  made  by  the  pinlike  contact  points  in 
the  fibrous  surface  of  the  board  immediately  close  up, 
effectually  excluding  moisture,  and  the  arrangement  of 
the  pairs  of  concealed  conductors  in  the  board  is  such 
that  if  the  contact  points  of  the  lamps  are  placed  at 
right  angles  to  the  direction  in  which  the  pairs  of 
conductors  are  laid,  a  circuit  is  certain  to  be  closed 
through  the  lamp,  no  matter  at  what  point  the  pins 
are  inserted  in  the  board.  For  use  in  decorative  work 
the  material  used  is  the  same,  except  that  a  single 
pair  of  conductors  is  used,  each  conductor  being  a 
cable,  properly  insulated  and  incased  in  the  fibrous 
outer  covering  before  referred  to.  These  twin  cables 
are  extremely  flexible  and  may  be  gracefully  festooned 
or  formed  into  any  variety  of  fanciful  outlines  or 
figures,  and  the  lamps  attached  by  their  pin  contacts 
at  such  points  as  required  to  bring  out  the  desired 
decorative  illuminative  effect.  The  extreme  versatility 
of  this  system  and  the  rapidity  with  which  it  can  be 
installed  render  it  of  especial  value  in  all  forms  of 
temporary  decorative  illuminations. 

By  means  of  this  system  of  lighting  a  very  novel 
effect  was  produced  at  the  Metropolitan  Opera  House, 
in  New  York  City,  upon  the  occasion  of  the  gala 
production  of  grand  opera  tendered  to  Prince  Henry 
and  his  suite  last  winter,  when  the  drop  curtain  used 
between  the  acts  was  composed  entirely  of  rows  of 
pendent  cables  thickly  studded  with  low-candle-power 
lamps  gleaming  amid  a  mass  of  trailing  smilax  that 
effectually  screened  the  stage  from  the  view  of  the 
audience  when  the  drop  was  down. 

The  contrast  between  the  **  Brewster"  or  "Link 
Receptacle  "  system  and  the  **  Elblight "  system  is  quite 
marked,    though    both    are    designed   to    meet    similar 
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requirements.  In  the  Brewster  system  a  special  recep- 
tacle is  provided,  which  consists  of  two  pieces :  the 
receptacle  proper,  containing  an  ordinary  Edison  screw 
shell,  and  a  porcelain  contact  cap  arranged  to  engage 
contact  pieces  projecting  through  the  bottom  of  the 
receptacle  proper.  The  circuit  wires  are  run  through 
openings  provided  for  that  purpose  in  the  contact  cap, 
and  it  is  then  attached  to  the  receptacle  by  means  of  a 
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screw  passing  through  the  base  of  the  receptacle  into 
a  nut  imbedded  in  the  contact  cap,  thus  drawing  the 
projecting  ledge  of  the  contact  cap  tightly  into  a  cor- 
responding groove  in  the  bottom  of  the  receptacle, 
making  a  practically  watertight  junction.  The  space 
between  the  wires  and  the  holes  in  the  contact  caps 
through  which  the  wires  pass  are  then  filled  in  with 
some  adhesive  waterproof  compound,  and  a  thoroughly 
watertight  and  safe  construction  is  obtained.     The  re- 
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ceptacles  themselves  are  linked  together  with  S-shaped 
clamp-hooks,  which  bind  firmly  about  the  bottom  of 
the  receptacle,  thus  clamping  any  group  of  them  into 
a  rigid  structure  of  any  outline  or  design  desired. 
The  clamping  S-hooks  are  made  up  in  a  variety  of 
lengths,  admitting  of  a  space  between  receptacles  of 
from  three  to  twelve  inches.  In  practice  the  recep- 
tacles are  placed  in  the  desired  form  and  secured  there 
by  screwing  up  the  S-shaped  clamp  hooks,  after  which 
the  contact  caps  carrying  the  necessary  wiring  are 
attached.  Owing  to  the  fact  that  the  contact  caps  are 
necessarily  spaced  at  regular  intervals,  unless  S-hooks 
of  irregular  lengths  are  used  the  same  wiring  may  be 
repeatedly  used  though  the  grouping  of  the  recep- 
tacles  used  be  completely  changed. 

As  an  additional  protection  to  the  lamps  and 
sockets  when  used  in  exposed  positions  out-of-doors, 
an  aluminum  rain-guard  is  provided.  This  rain-guard 
Is  adjustable  upon  the  projecting  shoulder  of  the 
receptacle  proper,  so  that  by  moving  it  in  or  out  it 
readily  adjusts  itself  to  the  neck  of  an  incandescent 
lamp  of  any  size  or  shape,  making  a  practically  water- 
tight junction  between  the  metal  cap  of  the  rain- 
guard  and  the  bulb  of  the  lamp. 

Aside  from  the  advantages  of  versatility  and  ready 
adaptability  to  the  varied  requirements  of  electric 
sign  and  decorative  or  spectacular  work,  the  special 
advantage  of  this  system  is  that  it  permits  the  use  of 
practically  any  lamp  having  either  a  high  or  low 
candle-power,  or  large  or  small  bulb ;  in  addition  to 
which  it  avoids  the  straggling,  dangling  appearance  of 
the  lamps  usually  prevailing  in  festoons,  or  similar 
decorative  construction,  where  ordinary  receptacles  are 
used  and  merely  attached  to  wires  at  once  intended  to 

supply  current  and  support  the  lamps  and  receptacles. 
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For  use  in  a  more  permanent  class  of  construction 
this  system  is  also  well  adapted,  it  only  being  neces- 
sary to  provide  a  piece  of  sheet  metal  of  the  desired 
dimensions  and  outline  in  which  holes  are  perforated 
to  receive  the  receptacles.  The  clamping  S-hooks  are 
then  put  in  place  back  of  the  metal  surface,  which 
thus  conceals  both  the  S-hooks  and  the  wiring,  pro- 
ducing a  sign  or  emblem,  which  to  all  outward  ap- 
pearance is  similar  to  standard  sign  construction, 
though  considerably  cheaper  to  produce ;  in  addition 
to  which,  very  little  expense  for  labor  is  necessary  to 
provide  from  the  same  material  something  entirely 
different. 

On  account  of  the  comparatively  slight  amount  of 
current  consumed,  and  also  because  they  afford  means 
for  putting  a  great  deal  of  lettering  in  a  small  space, 
transparency  signs  of  various  types  of  construction 
have  long  been  more  or  less  popular.  As  a  feature 
of  attractiveness,  however,  the  transparency  can  not 
compare  with  the  notice-compelling  surface-illuminated 
sign,  which  not  only  illuminates  its  own  letters,  but 
also  serves  to  brighten  and  render  more  cheerful 
everything  in  its  immediate  vicinity.  A  great  fault  in 
the  average  transparency  sign  has  also  been  that, 
through  a  false  idea  of  economy,  so  few  lamps  are 
usually  provided  that  the  full  value  of  the  sign  as  an 
advertising  medium  is  not  obtained.  In  one  respect, 
however,  electric  transparencies  have  a  novel  advantage 
over  other  types  of  illuminated  signs.  By  using  lamps 
of  various  colors,  wired,  each  color  upon  a  separate 
circuit  and  connected  to  a  proper  commutating  switch, 
a  great  variety  of  color  changes  may  be  produced ; 
the  entire  sign  changing  rapidly  or  slowly  from  one 
color  or  combination  of  colors  to  another,  an  effect 
impossible  to  obtain  satisfactorily  in  any  other  type 
of  sign. 
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As  an  adjunct  to  spectacular  or  sign  lighting, 
commutating  switches  or  flashers  are  often  very  valu- 
able, and  as  their  good  qualities  are  becoming  more 
generally  realized  they  are  becoming  more  and  more 
popular.  Not  only  is  a  great  saving  in  current 
effected  through  the  intermittent  burning  of  the  lamps 
in  the  sign,  but  to  the  minds  of  many  advertisers  a 
decidedly  more  novel  and  therefore  more  attractive 
result  is  obtained.  Every  one  is  probably  more  or 
less  familiar  with  the  various  effects  possible  with 
these  commutating  switches,  such  as  the  flashing  in 
and  out  of  the  letters  of  the  sign  one  after  the  other, 
as  if  spelling  the  word,  or  the  lighting  of  the  lamps 
in  a  script  sign  one  after  the  other  in  rapid  sequence, 
making  it  appear  as  if  an  invisible  pen  were  tracing 
the  letters  in  lines  of  fire ;  also  the  illusion  of  con- 
stant waving  that  may  be  produced  in  an  illuminated 
flag  or  the  appearance  of  rotation  that  may  be  given 
to  lamps  mounted  in  a  circle,  etc.,  etc.  Althoygh  an 
automatic  flasher  to  produce  these  various  effects  often 
costs  as  much  or  more  than  the  sign  on  which  it  is 
destined  to  operate,  it  will  soon  pay  for  itself  as  a 
result  of  its  saving  in  current  consumption  alone,  this 
saving  usually  amounting  to  from  twenty-five  to  fifty 
per  cent,  depending  upon  the  nature  of  the  effect 
produced. 


President-elect  Ferguson  :  These  gentlemen  will 
be  glad  to  answer  questions  if  you  have  any  you  wish 
to  ask  of  them. 

If  there  are  no  questions,  I  will  announce  that  the 
invitation  to  the  gentlemen  in  attendance  at  the  con- 
vention to  spend  the  remainder  of  the  evening  at  the 
rooms    of    the    Itannicnic    Club    has    been    accepted. 
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There  will  be  a  vaudeville  performance  and   a   general 
good    time,    and    you    are    all    invited    to    attend.     A 
committee  is  waiting  to  escort  you  there. 
(The  meeting  then  adjourned.) 
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SEVENTH    SESSION 

President  Doherty  called  the  meeting  to  order  at 
five  minutes  after  ten  o'clock,  Thursday  morning,  and 
topical  questions  Nos.  17,  20  and  21  were  considered, 
for  which  see  Question  Box. 

The  President  :  We  will  now  have  the  report  of 
the  committee  on  standard  candle  power  of  incandes- 
cent lamps. 


Mr.  James  I.  Ayer  read  the  following  report : 

REPORT     OF    COMMITTEE     ON     STANDARD 
CANDLE   POWER  OF  INCANDESCENT 

LAMPS 

Mr.  President  and  Gentlemen:  At  the  last 
conv^ention  your  committee  was  authorized  to  arrange 
for  the  production  of  standardized  incandescent  lamps 
to  be  supplied  to  the  members  of  the  association  for 
the  purpose  of  testing. 

Preliminary  arrangements  had  been  made  to  have 
this  work  done  at  Columbia  University,  but  for 
various  reasons  it  has  seemed  inadvisable  to  have  your 
committee  proceed  actively  with  the  work,  especially 
as  the  National  Bureau  of  Standards  is  preparing  to 
do  this  and  similar  work  in  the  very  near  future  on  a 
scale  impracticable  in  a  private  institution. 

At  the  time  of  the  last  convention,  your  com- 
mittee felt  that  the  association  had  better  proceed  to 
prepare  its  own  standards,  by  reason  of  the  probable 
delays  that  would  occur  in  the  organization  and 
equipment  of  a  government  institution.  It  soon 
became  evident,  however,  that,  under  the  able  and 
energetic  administration  of  Dr.  Stratton,  the  Bureau 
of  Standards  would  actually  be  able  to  provide  certi- 
fied incandescent  lamps,  carrying  greater  weight  as 
standards  than  any  unofficial  institution  could  hope  to 
give,  within  a  reasonably  short  time.  It  therefore 
seemed  best  to  avoid  the  expenditure  that  would  have 
been    necessary   to    prosecute    the    work    through    that 
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institution,  and  inasmuch  as  the  Bureau  of  Standards 
is  now  substantially  ready  to  take  up  the  work  of 
supplying  lamps,  your  committee  hereby  recommends 
that  the  association  shall  adopt  the  certified  standards 
of  the  National  Bureau  of  Standards  as  the  basis  of 
rating  for  incandescent  lamps. 

With  respect  to  the  manner  in  which  incandescent 
lamps  shall  be  tested,  your  committee  adheres  to  the 
opinion  that,  while  in  theory  the  mean  spherical  candle 
power  should  be  the  final  test  for  luminous  radiation 
of  incandescent  pr  other  lamps  until  such  candle  power 
can  be  determined  by  more  correct  and  precise  pro- 
cesses than  are  now  commercially  available,  it  is  best 
to  depend  upon  the  mean  horizontal  candle  power,  to 
be  determined  by  rotating  the  lamp  in  the  manner 
heretofore  suggested  and  in  general  use.  Obviously, 
such  a  measurement  does  not  place  lamps  with  all 
possible  shapes  of  filament  on  a  parity,  but  it  does 
treat  with  substantial  justice  ordinary  commercial  incan- 
descent lamps,  and,  moreover,  it  corresponds  to  the  way 
in  which  other  illuminants — competitors  of  the  electric 
lamp — are  habitually  measured. 

Cases  will  undoubtedly  arise  in  which  candle  power 
in  some  specified  direction  may  demand  the  consider- 
ation of  the  members  of  the  association.  In  all  cases 
where  directed  candle  power — as  contradistinguished 
from  distributed  candle  power — is  to  be  considered,  the 
only  possible  way  of  placing  various  illuminants  on  a 
parity  is  to  measure  their  intensity  in  the  direction 
in  which  a  specialized  radiation  is  wanted,  includ- 
ing in  such  measurement  the  effect  of  all  devices 
intended  to  produce  directed  illumination,  such  as  re- 
flectors, special  globes,  and  special  positioning  of  the 
light-giving  parts  of  the  lamp  with  reference  .  to  in- 
tensity in    particular   directions.     The  great  bulk  of  all 
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lighting  done  by  the  members  of  the  association  is 
distributed  lighting,  and  for  this  purpose  your  com- 
mittee believes  that  the  mean  horizontal  candle-power 
rating  should  be  adhered  to,  while  for  the  special 
problems  of  directed  lighting  all  means  for  securing 
unusual  intensity  of  illumination  in  some  particular 
direction  of  the  lamp  ought  to  be  included  and  placed 
on  a  parity.  For  example,  rating  a  Nemst  lamp — 
which  is  deliberately  intended  to  give  a  downward 
hemispherical  distribution — on  its  mean  horizontal  can- 
dle power  would  be  manifestly  unfair ;  while,  if  a  lower 
hemispherical  distribution  is  desired  for  any  particular 
purpose,  it  would  be  equally  unfair  to  deny  to  incan- 
descent lamps  the  privilege  of  using  reflectors  or 
similar  means  of  turning  downward  the  luminous 
enei^,  which  would  otherwise  not  be  radiated  in  the 
direction  contemplated.  In  other  words,  your  com- 
mittee thinks  that  a  logical  distinction  can  be  drawn, 
and  should  be  made,  between  general  and  directed 
illumination.  Lights  designed  for  the  former  class  of 
work  can  be  conveniently  measured  in  a  single  con- 
ventional zone,  while  in  directed  illumination  the  only 
fair  programme  is  to  compare  lights  on  the  basis  of 
the  directed  beam  which  is  desired  for  practical  use. 

Respectfully  submitted, 

Louis  Bell,  Chairman, 
Commttee,  •{  Jas.  I.  Ayer, 

C.  W.  Rice. 


The  President  :  Gentlemen,  what  will  you  do 
with  the  report? 

Mr.  Ferguson  :  I  move  the  acceptance  of  the 
report. 

(The  motion  was  carried.) 
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The  President  :  I  take  pleasure  in  introducing 
to  the  convention  Mr.  Frank  A.  Wolff,  Jr.,  represent- 
ing the  National  Bureau  of  Standards,  who  will  ex- 
plain the  work  they  are  trying  to  accomplish  and 
the  facilities  at  their  command. 

Dr.  Wolflf  then  addressed  the  meeting,  describing 
the  present  work  and  future  plans  of  the  Bureau,  as 
follows : 

THE  NATIONAL  BUREAU  OF  STANDARDS 

In  response  to  a  widespread  demand  on  the  part 
of  the  scientific,  educational,  technical  and  manufactur- 
ing interests  of  the  country,  to  which  the  National 
Electric  Light  Association  also  gave  expression,  Con- 
gress, on  the  very  last  day  of  the  last  session  of  the 
Fifty-sixth  Congress,  passed  a  bill  establishing  the 
National  Bureau  of  Standards. 

The  functions  of  this  Bureau  are  **to  consist  in 
the  custody  of  the  standards;  the  comparison  of  the 
standards  used  in  scientific  investigations,  engineering, 
manufacturing,  commerce  and  educational  institutions 
with  the  standards  adopted  or  recognized  by  the 
Government ;  the  construction,  when  necessary,  of 
standards,  their  multiples  and  subdivisions;  the  testing 
and  calibration  of  standard  measuring  apparatus;  the 
solution  of  problems  which  arise  in  connection  with 
standards ;  the  determination  of  physical  constants  and 
the  properties  of  materials,  when  such  data  are  of 
great  importance  to  scientific  or  manufacturing  inter- 
ests and  are  not  to  be  obtained  of  sufficient  accuracy 
elsewhere." 

*****  The  Bureau,  shall  exercise  its  func- 
tions for  the  Government  of  the  United  States;  for 
any- state   or  municipal  government  within  the  United 
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States ;  or  for  any  scientific  society,  educational  institu- 
tion, firm,  corporation  or  individual  within  the  United 
States  engaged  in  manufacturing  or  other  pursuits 
requiring  the  use  of  standards  or  standard  measuring 
instruments." 

In  view  of  the  general  interest  manifested  in  the 
establishment  of  the  Bureau,  particularly  on  the  part 
of  the  electrical  fraternity,  an  invitation  was  extended, 
by  your  honorable  president  to  Prof.  S.  W.  Stratton, 
its  director,  to  give  you  a  brief  outline  of  its  plans, 
and  to  give  you  some  information  in  regard  to  the 
progress  which  has  been  made.  Owing  to  the  in- 
ability of  Director  Stratton  to  be  present,  I  have  been 
designated  to  appear  in  his  stead. 

The  Bureau  was  formally  organized  July  i,  1901, 
after  the  scope  and  general  plans  had  been  thoroughly 
discussed  with  the  members  of  the  visiting  committee 
and  many  others. 

A  beautiful  site  of  seven  and  one-half  acres,  in  the 
northwestern  suburbs  of  Washington,  was  procured, 
within  convenient  access,  but  not  too  close  to.  the  car 
line  to  interfere  seriously  with  any  but  the  most  pre- 
cise measurements,  which  will,  of  course,  constitute 
but  a  very  small  portion  of  the  work  to  be  under- 
taken. Moreover,  this  difficulty  is  easily  surmountable 
by  working  after  midnight  when  necessary. 

The  law  appropriatecl  $100,000  for  a  building,  the 
cost  of  which  was  limited  to  $250,000.  To  meet  the 
demands  of  manufacturing  and  technical  interests  for 
heavy  testing  work,  and  for  experimental  work  re- 
quiring extraordinary  facilities,  ^  large  and  well- 
equipped  power  plant  is  required,  and  this  makes  nec- 
essary the  erection  of  a  separate  power  house  at  some 
distance  from  the  main  building.  The  elaboration  of 
the  numerous  details  of  construction  of  the  two  build- 
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ings  occupied  a  great  deal  of  time,  and  as  the  work 
progressed  its  scope  broadened,  so  that  when  the  pre- 
liminary estimates  of  the  cost  of  erection  of  buildings 
of  the  necessary  size  had  been  made  by  the  supervis- 
ing architect  of  the  Treasury,  under  whom  the  build- 
ings are  to  be  erected,  it  was  found  impossible  to 
construct  them  for  the  sum  specified.  An  additional 
appropriation  of  $75,000  was  therefore  asked  for,  and 
has  just  been  granted. 

The  'main  building,  as  shown  in  the  accompanying 
illustration,  will  be  four  stories  in  height,  approxi- 
mately 1 50  feet  long  and  50  feet  wide ;  and  will  con- 
tain about  50  rooms,  all  equipped  with  apparatus  for 
verification  work  and  for  special  investigations,  and 
provided  with  gas,  electric  light,  compressed  air,  suc- 
tion, hot  and  cold  water,  as  well  as  with  a  number  of 
independent  electric  circuits,  so  that  electrical  currents 
of  any  desired  character  may  be  obtained. 

The  importance  of  temperature  control  in  a  physical 
laboratory  has  long  been  appreciated,  and  it  is  espe- 
cially desirable  in  an  institution  where  standardizing 
work  is  to  be  done,  as  nearly  every  result  depends  at 
least  to  some  extent  upon  the  temperature  at  which 
the  measurements  are  made.  Accordingly,  means  will 
be  provided  for  closely  regulating  the  temperature  of 
any  room  at  any  desired  temperature,  both  in  summer 
and  in  winter,  as  will  be  more  fully  described  below. 

In  most  laboratories  the  basement,  which,  on 
general  principles  would  really  be  most  suitable  for 
precise  measurements  requiring  the  greatest  stability 
and  freedom  from  vibration,  has  to  be  devoted  to  the 
heating,  lighting,  ventilating  and  power  plant,  and  to 
miscellaneous  purposes.  As  a  special  power  house  is 
here  to  be  provided,  the  basement  of  the  main  build- 
ing, which  is  almost   level   with   the  ground   and   well 
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lighted,  will  be  utilized  solely  for  the  more  precise 
work.  Four  of  the  rooms  are  to  be  fitted  up  as 
special-temperature  rooms. 

The  basement  will  be  vaulted  over,  so  that  the 
first-floor  rooms  will  be  almost  -as  free  from  vibration 
as  those  on  the  floor  below,  and  will  therefore  also  be 
utilized  for  laboratory  purposes. 

The  second  floor  will  be  set  aside  for  the  adminis- 
trative and  clerical  work,  for  the  library,  and  for  the 
museum,  in  which  standards  and  apparatus  of  historical 
importance  will  be  preserved. 

A  well-equipped  chemical  laboratory  will  be  fitted 
up  on  the  third  floor,  part  of  which  will  accommo- 
date a  laboratory  for  photometric  research.  There  will 
also  be  provided  on  this  floor  a  lecture  room  with  a 
seating  capacity]  of  150  to  200.  As  it  will  be  the  policy 
of  the  Bureau  to  keep  in  close  touch  with  the 
interests  it  serves,  it  is  hoped  that  it  may  soon  be 
in  a  position  to  extend  invitations  to  scientific  and 
technical  associations  to  hold  their  meetings,  from  time 
to  time,  in  Washington. 

THE    MECHANICAL    LABORATORY 

The  mechanical  laboratory  will  be  a  three-story 
building,  135  feet  long  and  50  feet  wide,  and  will 
contain  the  power  and  lighting  plant,  storage  batteries, 
special  alternating-current  machines  for  experimental 
'  and  testing  purposes,  the  refrigerating  plant,  the  heat- 
ing and  ventilating  plant,  auxiliary  apparatus,  the 
machine  shop  and  carpenter  shop,  as  well  as  labora- 
tories for  heavy  electrical  testing,  photometry,  gas  and 
water-meter  testing. 

Boiler  Room — In  the  boiler  room  two  125-hp 
boilers  are  to  be  installed,  space  being  provided  for 
doubling  this  capacity. 

Dynamo  and  Engine  Room — ^Two  80-hp  high-speed 
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engines,  each  direct-connected  to  two  25-kw  direct- 
current  generators,  will  be  installed.  Additional  space 
will  be  provided  for  a  unit  of  double  this  size  as  well 
as  for  the  special  alternators  referred  to  below. 

The  Heating  and  Ventilating  Plant — In  the  com- 
bined heating  and  ventilating  system  to  be  adopted, 
the  air  will  be  supplied  to  the  various  rooms  by 
means  of  ducts,  with  the  aid  of  electrically  driven 
fans,  the  temperature  of  any  room  in  either  building 
being  independently  controllable  by  a  thermostatic 
damper  at  the  bottom  of  the  respective  flues,  where 
the  heated  or  artificiallv  cooled  air  will  be  mixed  with 
the  air  from  without.  The  ducts  are  so  proportioned 
as  to  permit  a  complete  renewal  of  the  air  every 
15  minutes.  In  winter  the  air  to  be  heated  will 
be  passed  over  coils  fed  with  exhaust  steam,  and  in 
summer  the  air  will  be  cooled  by  coils  through  which 
cooled  brine  is  circulated. 

Refrigerating  Plant — To  cool  the  air  and  to  pro- 
vide artificial  ice,  a  refrigerating  plant  of  30  tons  ice- 
melting  capacity  will  be  installed.  Although  the 
building  will  be  used  only  a  portion  of  the  24  hours, 
provision  will  be  made  for  fully  utilizing  the  refriger- 
ating capacity,  with  the  aid  of  a  brine  tank  of  suffi- 
cient capacity,  the  refrigerating  machine  being  operated 
throughout  the  whole  night  when  necessary. 

Instrument  Shop — The  instrument  shop,  a  most 
important  adjunct  to  a  modem  laboratory,  will  be 
equipped  with  the  latest  types  of  motor-driven  pre- 
cision and  engine  lathes,  milling  machines,  shapers, 
drill  presses,  etc.  The  shop  has  not  yet  been  organized, 
but  three  or  four  mechanicians  are  provided  for  from 
July   I,   1902. 

A  liquid-air  plant  of  sufficiently  large  capacity  for 
all  experimental  purposes  likely  to  arise,  is  also  to  be 
installed. 
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The  auxiliary  apparatus  ,will  consist  of  an  exhaust 
fan  for  ventilating  hoods,  the  storage-battery  room, 
the  toilet  rooms,  etc.;  air  compressors,  vacuum  pumps, 
pumps  for  circulating  the  hot  and  cold  water,  etc. 

As  the  public  gas  mains  are  not  yet  laid  as  far  as 
the  site,  a  gas  plant  will  also  be  installed. 

A  storage-battery  room  of  considerable  size  is  to  be 
provided,  and  an  adjoining  room  is  to  be  fitted  up  for 
heavy  current  testing.  Several  of  the  rooms  on  the 
first  floor  will  be  used  for  experimental  work,  although, 
no  doubt,  as  the  work  of  the  Bureau  develops  addi- 
tional buildings  will  have  to  be  provided,  and  the  first 
of  these  will,  in  all  likelihood,  be  an  electrical  labora- 
tory. The  mechanical  laboratory  will  then  be  given  up 
principally  to  power  purposes  and  to  the  instrument 
shop.  From  present  indications  this  contingency  is 
likely  to  arise  even  before  the  buildings  now  planned 
are  ready  for   occupation. 

The  third  floor  of  the  power  house  will,  for  the 
present,  be  devoted  to  gas  and  incandescent-lamp  pho- 
tometry,  and  to  gas  and  water-meter  testing. 

The  opinion  has  been  expressed  that  the  Bureau 
will  not  be  ready  to  undertake  verification  work  for 
some  years,  pending  the  construction  and  equipment 
of  the  buildings.  Recognizing  the  importance  of  im- 
mediate work  along  a  number  of  lines,  temporary 
quarters  have  been  secured  in  the  Coast  Survey  Build- 
ing, and  arrangements  are  now  being  made  to  secure 
additional  quarters  near  by.  In  these,  apparatus  will  be 
installed  and  put  in  actual  use  as  quickly  as  possible. 
Some  of  the  work  is  already  well  under  way. 

One  of  the  rooms  has  been  fitted  up  for  photo- 
metric purposes,  and  while  the  Bureau  is  not  yet 
ready  to  verify  incandescent  lamps  as  photometric 
standards,  the   necessary  apparatus   has   been  delivered, 
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or  is  about  to  be  delivered,  so  that  actual  work  can 
soon  begin ;  and  it  is  hoped  that  an  announcement 
can  be  made  within  the  next  six  months  that  photo- 
metric standards  will  be  received  for  verification. 
Provision  will  be  made  for  arc  and  Nemst-lamp 
photometry,  as  well  as  for  the  photometry  of  Wels- 
bach  and  acetylene  lamps  and  other  commercial  types. 
The  Bureau  will  exert  its  eflForts  to  provide  for  a 
practical  means  of  determining  mean  spherical  candle 
power  at  the  earliest  opportunity.  The  question  of 
photometric  standards  will  also  receive  consideration,  it 
being  recognized  that,  while  the  Hefner  lamp  is  the 
best  standard  available,  it  is  more  than  likely,  judging 
from  the  researches  at  the  Physikalisch-Technische 
Reichsanstalt,  that  a  standard  superior  in  every  respect 
may  soon  be  realized. 

THE    VERIFICATION    OF    ELECTRICAL    STANDARDS    AND 

MEASURING    APPARATUS 

Pending  the  construction  of  primary  mercurial  re- 
sistance standards,  a  number  of  i-ohm  manganin  coils 
have  been  adopted  by  the  Bureau  as  preliminary 
standards  of  reference.  The  values  of  these  are 
certainly  known  to  within  .002  per  cent,  in  terms  of 
the  primary  mercurial  standards  of  the  Reichsanstalt, 
and  errors  due  to  variations  are  avoided  by  periodic 
reverifications  at  that  institution.  The  construction  of 
primary  mercurial  standards  and  secondary  mercurial 
standards  will  very  shortly  be  undertaken. 

The  manganin  standards  of  the  Bureau,  which 
range  from  .0001  ohm  to  100,000  ohms,  have  been 
subjected  to  repeated  inter-comparisons,  the  value  of 
the  multiples  and  sub-multiples  of  the  units  being  de- 
termined in  terms  of  the  i-ohm  coils.  The  Bureau  is 
thus  equipped   to   undertake   the  verification    of   resist- 
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ance  standards,  resistance  boxes,  potentiometers,  ratio 
coils,  shunt  boxes  and  ammeter  shunts,  except,  for  the 
present,  in  cases  where  the  resistance  is  to  be  deter- 
mined when  carrying  large  currents. 

Facilities  will  shortly  be  provided  for  determining 
the  specific  conductivity  of  materials  used  for  electri- 
cal conductors,  and  also  for  the  determination  of  the 
tensile  strength  of  such  materials.  Provision  is  also 
being  made  for  the  determination  of  insulation  resist- 
ance, as  well  as  dielectric  strength  and  capacity  of  in- 
sulated wires  and  cables.  The  Bureau  is  prepared  to 
receive  for  verification  Clark  and  other  types  of  stand- 
ard cells,  the  values  of  which  will  be  expressed  in 
terms  of  the  mean  of  about  three  dozen  Clark  cells 
which  have  been  constructed  at  the  Bureau. 

The  Bureau  is  also  prepared  for  the  verification  of 
direct-current  measuring  apparatus  of  limited  range,  in 
limited  quantity,  milli-voltmeters  and  voltmeters  up  to 
150  volts,  ammeters  up  to  100  amperes;  and  arrange- 
ments are  being  made  for  increasing  the  range  to 
2,000  volts  and  1,000  amperes,  when  direct-current 
wattmeters,  watt-hour-meters,  etc.,  will  also  receive  at- 
tention. 

Special  facilities  will  be  provided  for  alternating- 
current  testing.  The  alternators  for  experimental  and 
testing  purposes  will  all  be  driven  by  direct-current 
motors  operated  from  the  generators,  or,  when  neces- 
sary, from  independent  storage  batteries.  Thus,  for 
investigating  the  influence  of  the  higher  harmonics  on 
measuring  instruments,  condensers,  transformers,  arc 
lamps,  etc.,  a  set  of  motor-driven  alternators,  having 
relative  frequencies  of  i,  3,  5,  7,  9,  11,  13  and  15 
times  the  base  frequency,  will  be  provided.  All  of 
these  machines  are  to  be  connected  to  one  shaft,  and 
will  be   arranged    so   that   the   amplitude  and  phase  of 
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any  component  may  be  varied  independently.  The 
base  frequency  may  be  varied  between  25  and  125; 
though  for  the  latter  frequency  it  will  not  be  possible 
to  work  in  the  highest  harmonics. 

From  this  necessarily  brief  outline  of  the  plans  of 
the  Bureau  it  will  be  seen  that  provision  w^ill  be  made 
for  the  verification  of  every  type  of  measuring  ap- 
paratus that  the  electrical  engineer  is  likely  to  submit, 
and  it  is  hoped  'that  as  soon  as  the  buildings  are  com- 
pleted the  Bureau  will  be  in  a  position  to  undertake 
for  the  National  Electric  Light  Association,  and  for 
similar  bodies,  the  solution  of  important  technical 
problems  requiring  extraordinary  experimental  facili- 
ties, and  to  co-operate  with  them  in  every  possible 
way  within  its  proper  scope. 

Question  No.  64  (for  which  see  Question  Box) 
was  then  taken  up  and  discussed. 

The  President  :  We  will  now  proceed  to  the 
paper  on  the  **  Performance  of  Present  220-Volt 
Lamps,"  by  Mr.  Fred  W.  C.  Bailey. 


Mr.  Bailey  presented  the  following  paper : 

PERFORMANCE  OF  PRESENT  220.VOLT  LAMPS 


The  lack  of  reliable  data  on  high-voltage  lamps 
induced  the  writer  to  start  a  test  which,  as  it  pro- 
gressed, grew  in  interest,  and  the  results  of  which  I 
have  the  honor  and  pleasure  of  presenting  to  this  asso- 
ciation. The  test  is  as  fair  and  accurate  as  it  was  pos- 
sible to  make  it  and  the  data  are  absolutely  unpreju- 
diced. The  matter  of  publishing  the  results  was  not 
considered  until  the  test  was  almost  completed.  I 
sincerely  hope  the  data  will  be  of  service  to  you. 

In  response  to  the  writer's  request  to  two  or  three 
lamp  makers  for  accurate  data  on  the  performance  of 
their  high -voltage  lamps,  some  curves  were  received 
which  were  **  beautiful  to  look  upon,"  but  doubts  as 
to  their  accuracy  were  aroused  by  some  rough  readings 
taken  from  a  few  of  the  same  makers'  lamps  that  were 
burning  in  the  engine  room  of  a  22ovolt  plant.  The 
necessary  current  for  operating  a  test  being  granted 
the  author  by  the  owners  of  a  22C)-volt  lighting  plant — 
which  was  designed  by  the  writer  and  which  has  several 
thousand  lamps  connected — this  test  was  undertaken. 
The  fourteen  lots  of  lamps  tested  embrace  practically 
every  make  of  high-voltage  lamps  sold  in  this  country 
six  months  ago. 

The  superior  advantages  of  distribution  afforded  by 
the  use  of  high-voltage  lamps  are  largely  counteracted 
in  many  cases  by  the  excess  of  station  capacity  required. 
Mr.  F.  W.  Willcox,  at  your  last  convention,  presented 
very  forcibly  and  clearly  the  position  of  the  lamp  rela- 
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tive  to  the  station  and  the  rapid  increase  of  losses 
with  a  small  decrease  in  the  efficiency  of  the  lamps. 
The  performance  of  the  220-volt  lamps  on  the  market 
to-day  leaves  much  to  be  desired  on  the  question  of 
efficiency  and  the  average  product  sold  is  by  no  means 
high-grade,  as  will  be  revealed  by  a  study  of  the  accom- 
panying curves  and  tables.  The  great  improvement  in 
the  performance  of  the  present  leading  lamps  over  those 
of  two  years  ago  furnished  grounds  for  agreeable  expec- 
tation along  this  line.  Similar  bases,  bulbs,  etc.,  being 
used  in  both  low  and  high-voltage  lamps,  the  physical 
qualities  of  the  2  2ovolt  lamps  have  kept  pace  with  the 
improvements  in  the  lower-voltage  lamps.  With  the 
more  extended  use  of  high-voltage  lamps,  the  demand 
for  which  is  growing  with  great  rapidity,  will  come  a 
better-selected  and  more  uniform  product.  The  great 
lack  of  these  qualities  in  the  present  average  product 
is  made  very  apparent  by  an  inspection  of  the  curves 
presented.  Your  attention  has  already  been  called  to 
the  advantage  in  selection  afforded  by  the  adoption  of 
odd  voltages  such  as  225  or  235  instead  of  220,  and 
also  to  the  importance  of  close  selection.  Some  makers 
are  short-sighted  enough  to  resort  to  the  trick  of  over- 
rating the  candle  power  of  lamps.  The  great  majority 
of  plants  have  no  photometer  and  consequently  cannot 
determine  the  real  efficiency  of  their  lamps.  To  take 
current  and  pressure  readings  of  a  few  lamps  and 
assume  that  they  give  sixteen  candle  power  at  their  rated 
voltage,  produces  data  of  little  or  no  value.  Without 
candle-power  measurements  some  lamps  that  are  really 
very  inefficient  would  appear  to  have  a  very  fair 
efficiency.  A  photometer  permanently  set  up  in  the 
plant  stock  room  is  just  as  valuable  an  apparatus  as 
many  others  that  are  considered  indispensable.  Con- 
siderable   attention    is    often    given    to    the    quality   of 
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fuel  and  plans  for  its  economy.  The  quality  of  the 
lamps  that  eat  up  the  coal  pile  deserves  just  as  faithful 
attention,  and  it  is  much  easier  to  check  up  accurately 
the  latter  end  of  the  proposition  than  the  former. 

Lamps  of  i6-cp  rating  only  were  tested.  The 
extremely  delicate  filament  required  in  an  8-cp,  220- 
volt  lamp  of  four  watts  per  candle  renders  this  lamp  a 
much  more  difficult  proposition  than  the  i6-cp  lamp. 
Within  the  last  year  the  writer  has  used  about  one 
thousand  8-cp,  220-volt  and  23C)-volt  lamps  and  the 
comparatively  yellow  color  of  the  light  leads  to  the 
belief  that  they  were  really  culled  lo-cp  to  12-cp 
lamps  selected  so  as  to  aflFord  about  eight  candle  power 
at  reduced  voltage.  There  was  a  painful  absence  of 
that  brilliant  white  light  emitted  from  a  filament 
operated  at  high  temperatures.  A  good  8-cp,  high- 
voltage  lamp  is  an  absolute  necessity,  on  account  of 
the  increasing  use  of  the  lower-candle-power  lamps. 

Methods  of  Tests 

The  lamps  tested  were  obtained  through  supply 
houses,  at  least  fifty  lamps  being  obtained  of  each 
make,  and  every  lot  consisting  of  two  separate  orders 
placed  through  different  firms.  More  than  fifty  lamps 
were  purchased  from  several  makers,  and  from  these 
lots  fifty  lamps  were  selected  at  random  from  the 
package  and  set  aside  for  test.  The  test  bank  was 
located  in  a  large,  well-ventilated  room  adjoining  the 
lighting  plant,  and  the  photometer  was  set  up  in  the 
room  occupied  by  the  bank ;  the  room  being  rendered 
dark,  during  candle-power  measurements,  by  means  of 
heavy  card  board  placed  over  the  openings.  The  card 
board  was  in  turn  covered  with  black  bunting  to  pre- 
vent reflection.  The  bank  consisted  of  a  row  of  four- 
teen vertical  strips   of   twelve   lamps   each,  the   sockets 
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being  placed  ten  inches  from  centre  to  centre.  The 
sockets  were  standard  Edison  base,  keyless  receptacles 
and  the  bank  wiring  consisted  of  No.  lo  B.  &  S.  G. 
bare  copper.  The  maximum  diflference  between  any  two 
sockets  on  the  bank  was  .02  of  a  volt.  Each  lot  of 
lamps  was  placed  on  an  independent  strip  and  a  record- 
ing voltmeter  was  mounted  at  the  centre  of  the  bank. 
A  special  feeder  was  run  from  the  dynamo  switch- 
board to  the  bank  and  the  pressure  wire  was  connected 
from  the  centre  of  the  bank  to  a  Weston  illuminated- 
dial  potential  indicator,  reading  180  to  260  volts,  which 
was  mounted  on  the  dynamo  switchboard  and  by 
means  of  which  the  pressure  on  the  bank  was  regu- 
lated. This  instrument  was  recalibrated  at  the  begin- 
ning of  the  test  and  was  standardized  at  the  beginning 
of  each  one-hundred-hour  period  of  the  life  test.  The 
lamps  operated  on  the  life  test  were  returned,  after 
each  reading,  each  to  its  proper  socket  on  the  bank. 
The  lamps  throughout  the  test  were  burned  in  a  hori- 
zontal position  and  the  current  was  maintained  con- 
tinuously upon  the  bank  from  one  set  of  readings  to 
the  next.  The  majority  of  the  lamps  showed  very 
little  drooping  of  the  filaments,  the  distortion  being 
most  marked  in  lots  D,  L,  E,  K  and  M.  The  candle- 
power  measurements  were  made  with  a  standard 
Deshler-McAllister  photometer,  equipped  with  a  rotat- 
ing stand  and  fitted  with  an  oil  standard,  which  was 
checked  at  every  sixth  lamp  reading.  The  oil  standard 
proved  very  satisfactory,  thirty-five  to  forty-five  lamps 
being  frequently  measured  without  changing  the  adjust- 
ment of  the  standard  lamp.  Ample  time  was  taken 
in  the  first  adjustment  of  the  standard  lamp,  forty  or 
fifty  minutes  being  required.  The  photometer  scale 
was  calibrated  from  seven  to  32  candles  and  all  lamps 
reading  less  than  8.5  candles  were  remeasured,  using  an 
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eight-candle-power  standard,  which  of  course  gave  the 
scale  divisions  one-half  their  normal  value.  The  lamps 
tested  were  rotated  at  190  revolutions  per  minute.  In 
reading  the  photometer,  a  card  was  placed  over  the 
pointer  and  scale  and  the  spot  box  was  shifted  from 
left  to  right  until  a  balance  was  obtained,  the  reading 
being  noted  by  an  assistant.  The  card  was  again 
placed  over  the  pointer  and  scale  and  the  spot  box 
shifted  from  right  to  left  until  a  balance  was  obtained. 
The  two  readings  were  carefully  checked  and  in  no 
case  were  they  permitted  to  differ  more  than  one-tenth 
candle  power.  This  method  avoids  the  natural  tend- 
ency of  the  operator  to  glance  at  the  scale  and 
compels  complete  dependence  upon  the  judgment  of 
the  spot  box  in  checking  the  two  readings  made  of 
every  lamp.  The  pressure  on  the  lamp  under  test  was 
carefully  adjusted  before  each  of  the  two  readings  and 
was  again  checked  after  the  second  reading.  Two 
current  readings  were  taken  of  each  lamp,  one  at  the 
first  adjustment  of  pressure  and  one  when  the  pressure 
was  checked.  The  candle-power  readings  were  taken 
from  lamps  selected  at  random  from  the  various  lots 
instead  of  completing  the  readings  of  each  lot 
separately.  This  procedure  would  distribute  among 
the  various  lots  any  slight  temporary  error  in  the 
candle-power  standard.  The  watts  were  determined  by 
means  of  a  voltmeter  and  milli-ammeter,  the  former 
being  readable  to  one-fifth  of  a  volt  and  the  latter 
readily  readable  to  one-half  milli-ampere.  Both  instru- 
ments were  of  Weston  make,  were  calibrated  at  th*^ 
beginning  of  the  test  and  were  recalibrated  and  com- 
pared with  standards  several  times  during  the  progress 
of  the  test.  The  readings  of  all  lamps  at  each  point 
in  the  life  test  were  made  on  the  same  day  and  all 
photometer  readings  were  made  by  the  same  operator. 
The  same  instruments  were   used    throughout  the  test. 
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Target  Diagrams 

The  lamps  of  each  of  the  various  lots  were 
numbered  one  to  fifty  and  were  tested  for  wattage  and 
initial  at  rated  voltage,  and  the  results  were  plotted  on 
the  target  diagrams  which  are  no  doubt  familiar  to  all. 
The  horizontal  sides  of  the  oblong  target  represent  a 
limit  one  and  one-half  candles  above  and  below  the 
normal  rating.  The  vertical  sides  of  the  oblong  target 
represent  a  limit  of  three  watts  above  and  below  the 
normal.  The  diagonal  lines  passing  through  the  centre 
of  the  oblong  targets  represent  the  normal-rated  watts 
per  candle  of  the  lot  and  on  either  side  of  this 
diagonal  line  is  another,  running  almost  parallel,  which 
represents  a  limit  of  one-half  watt  per  candle  above 
and  below  the  rating.  The  cer  re  of  the  target  in 
every  case  represents  the  manufr  curer's  rating  of  the 
lamps  and  the  dots  inclosed  by  the  circle  and  crossed 
by  the  short  division  lines  represent  the  average  re- 
sult of  the  entire  lot  of  fifty  lamps.  Lamps  whose 
readings  occur  on  the  limit  lines  of  target  are  counted 
as  being  inside  of  the  same.  The  diagonal  form  of 
target,  which  I  believe  was  first  used  by  a  western 
lamp  manufacturer,  is,  in  the  writer's  opinion,  superior 
to  the  ordinary  oblong  target,  as  lamps  in  the  upper 
left-hand  corner  and  lower  right-hand  comer  of  the 
oblong  target  diflfer  almost  .5  watt  per  candle  from 
the  rating.  The  diagonal  target  is  made  by  omitting 
the  triangular  space  in  the  upper  left  and  lower  right- 
hand  comers  of  the  oblong  target.  These  triangular 
spaces  are  formed  by  the  watt-per-candle  limit  lines 
crossing  the  comers  of  the  oblong  target.  Well- 
selected  lamps  should  have  at  least  80  per  cent  of 
LAMPS  within  a  target  limiting  the  candle  power  to  one 
and  one-half  candles  above  or  below  the  normal  rating 
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and  the  watts  per  candle  to  one-quarter  watt  above  or 
below  the  rating.  The  table  in  Figure  1 5  gives  the  per- 
centage of  lamps  coming  within  the  oblong  target  and 
also  the  percentage  coming  within  the  diagonal  target. 
The  table  also  lists  the  average  actual  candle  power, 
the  rated  watts  per  candle  and  the  actual  watts  per 
candle  of  each  lot  on  the  targets.  The  target  diagrams 
are  shown  in  Figures  i   to  14  inclusive. 

Preliminary  test  of    lot    A    in  Figure   i    shows  the 
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Fig.  I— Target  Diagram  or  Lot  A 

average  of  the  initial  readings  outside  the  target.  The 
lamps  are  widely  scattered,  ranging  in  candle  power 
from  II. 7  to  16  and  from  55.3  to  67.1  watts.  The 
lot  as  a  whole  is  very  low  in  candle  power  and 
efficiency. 

Lot  B  preliminary,  shown  in  Figure  2,  has  the  aver- 
age initial  very  close  to  the  maker's  rating,  but  the 
lamps  are  very  badly  scattered,  ranging  in  candle  power 
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from  8.25  to  20.5  and  from  54.5  to  68.87  watts.  This 
target  shows  an  utter  lack  of  care  in  selection  of  lamps. 
Target  of  lot  C  in  Figure  3  shows  lamps  averaging 
close  to  rating  but  a  trifle  high  in  candle  power.  The 
diagram,  however,  is  typical  of  a  well-selected  lamp, 
the  bulk  of  the  lamps  being  well  bunched  about  the 
average.  Lamps  range  in  candle  power  from  14.36  to 
18.73  ^'"'d  from  59.2  to  63.9  watts. 
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Fig.  a— Target  Diagram  of  Lot  E 


Preliminary  of  lot  D  in  Figure  4  shows  a  well- 
selected  lamp,  the  average  being  very  close  to  the  rat- 
ing. The  lamps  range  in  candle  power  from  1 3  to 
19. 1   and  from  60.75  ^"^  ^7-5  watts. 

Preliminary  test  of  lot  E  in  Figure  5  shows  a  very 
scattered  lot  of  lamps  which  average  near  the  rated 
efficiency  but  are  low  in  candle  power.  The  average, 
and  practically  the  entire  lot,  are  well    outside  the  tar- 
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get.  The  lamps  vary  in  candle  power  from  11.23  ^^ 
18.6  and  from  50.06  to  61.85  watts.  The  target  shows 
no  attempt  at  selection,  as  some  lamps  of  practically 
the  same  candle  power  vary  atiout   1 1   watts. 

Preliminary  test  of  lot  F  in  Figure  6  shows  a  scat- 
tered lot  of  improperly  rated  lamps  which  are  very 
poorly  selected,  as  lamps  of  nearly  the  same  candle 
power  vary  greatly  in  efficiency.     The  average  dot  and 


Fig.  3— Target  Diagram  of  Lot  C 

all  lamps  are  far  removed  from  target.  The  lamps 
vary  in  candle  power  from  8.8  to  12  and  from  55.35 
to  63.27  watts  and  average  over  5.5  watts  per  candle. 
Target  of  lot  G  in  Figure  7  shows  the  average  dot 
and  the  majority  of  lamps  outside  the  target.  The 
lamps  are  incorrectly  rated,  though  fairly  uniform  and 
near  the  rated  efficiency,  but  are  high  in  candle  power, 
ranging  from  14.5  to  18.6  candles  and  from  64.8  to 
69.75  watts. 
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Preliminary  test  of  lot  H  in  Figure  8  shows  lamps 
low  in  candle  pKtwer  and  of  very  low  efficiency.  The 
lamps  range  in  candle  power  from  12.68  to  16.13  ^"^ 
from  62.53  to  71.35  vvatts.  The  average  of  lot  is 
barely  inside  of  target. 

Target  of  lot  S  in  Figure  g  shows  lamps  of  a  fair 
degree  of  uniformity  but  low  in  candle  power.  The 
candle  power  ranges  from    13.18    to    16  and    the  watts 
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Fig.  4— Target  Due 


from  57.1  to  63.4.  The  average  and  majority  of  lami)s 
are  outside  of  target.      Lamps  are  not  properly  rated. 

Preliminary  test  of  lot  J  in  Figure  10  shows  a  fair 
degree  of  uniformity,  the  average  candle  power  being 
very  close  to  rating  and  the  efficiency  somewhat  better 
than  rating.  The  candle  power  ranges  from  13.6  to 
17.25  and  the  watts  from  55.17  to  63.97. 

Preliminary  for   lot  K  in  Figure   1 1   shows  a  great 
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lack  of  uniformity  and  a  wide  range  in  candle  power 
and  efficiency.  The  lamps  vaiy  from  14  to  18.8  can- 
dle power  and  from  57.17  to  69.43  watts.  The  average 
efficiency  is  practically  as  rated,  but  the  average  can- 
dle is  somewhat  below  rating. 

Target  of  lot  L  in  Figure  12  shows  a  somewhat 
scattered  lot  of  lamps  which  are  quite  low  in  candle 
power.     The  average  dot  and  great  majority  of  lamps 


— Takget  Diagram  of  Lot  E 


are  outside  of  target.  The  candle  power  ranges  from 
12.65  to  17.4  and  the  watts  from  56.9  to  64.15. 

Diagram  of  lot  M  in  Figfure  13  shows  a  very  wide 
range  in  candle  power  and  comparatively  low  effi- 
ciency;  the  candle  power  varying  from  13.1  to  20.4 
and  the  -watts  from  61.9  to  69.6. 

Preliminary  of  lot  N  in  Figure  14  shows  a  very 
high  degree  of  uniformity  and  lamps  of  high  efficiency. 
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The  average  candle  power  is  very  close  to  rating  and 
the  efficiency  is  somewhat  better  than  rating.  The 
lamps  range  in  candle  power  from  14.8  to  16.8  and 
the  watts  from  49.95  to  55.8. 
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Fig.  15— Results  of  Target  Diagrams 


Ltye  Test 

The  twelve  lamps  of  each  lot  that  were  operated  on 
the  life  test  were  selected  as  closely  as  possible  to  the 
rated  candle  power  and  efficiency.  This  careful  selec- 
tion of  lamps  grants  an  advantage  not  due  them  to 
the  lamps  that  were  poorly  selected  at  factory,  and 
undoubtedly  shows  more  uniform  results  on  the  life 
curves  than  if  they  were  selected  at  random.  It  is 
difficult  to  see,  however,  how  more  erratic  performance 
could  be  obtained  than  is  shown  on  some  of  the 
curves  presented,  even  though  lamps  be  taken  at  ran- 
dom.    Readings  of  each  lot  were  taken  at  25,  50  and 
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lOO  hours  and  at  the  expiration  of  each  100-hour 
period  and  thereafter,  up  to  and  including  1,500  hours. 
The  regulation  of  pressure  on  the  bank  of  lamps  was 
well  within  one  per  cent  and  lamps  were  operated  at 
normal  rated  voltage.  In  taking  the  candle-hour 
measurements  a  maximum  of  one-half  candle  rise  from 
the  initial  was  read,  thus  cutting  off  the  peak  of  freak 
curves    showing    an    abnormal    rise    in    candle    power. 
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Fig.  6— Tahuf.t  Diach 


The  candle-hour  area  was  determined  to  the  80-per- 
cent limit  and  a  separate  reading  was  taken  from  the 
80-per-cent  limit  to  the  1,500  hour  mark,  or  until  the 
burning  out  of  the  lamp.  These  separate  readings  are 
tabulated  in  Figure  32.  The  candle-hour-area  readings 
from  the  life  curves  were  taken  by  means  of  a  Crosby 
[>lanimeter,  which  was  accurate  within  one  part  in  one 
thousand.  Candle-hour  readings  were  taken  of  each 
individual  lamp  of  each  lot. 
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Fia.  ;— Target  Diagram  of  Lot  G 
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Fic.  8— Target  Diagrau  of  Lot  H 
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Fig.  32 — Table  of  Candle-Hour  Areas 


The  life  curves  for  the  various  lots  are  shown  in 
Figures  16  to  29  inclusive. 

Life  curves  of  lot  A  shown  in  Figure  16  start  with 
an  average  initial  candle  power  of  15.84,  the  lamps 
varying  from  16 'to  15.7  candles.  Notwithstanding 
this  very  close  selection  of  lamps  the  individual  curves 
diverge  somewhat  widely  and  at  fifty  hours  show  a 
range  in  candle  power  of  from  13.05  to  16  candles. 
Lamps  are  not  of  very  uniform  quality.  The  lot 
declines  to  80-per-cent  limit  at  635  hours.  The  average 
candle-hour  area  of  the  lot,  above  the  80-per-cent  limit, 
is  9,023  and  from  the  80-per-cent  limit  to  1,500  hours 
is  6,735. 

In  Figure  17  are  the  life  curves  of  lot  B,  which  show 
a  typical  low-grade  lamp.  The  average  initial  of  lamps 
is  16.09  ^"^  the  range  in  initial  candle  power  of  lamps 
selected  is  from  16.8  to  15.4.  The  average  of  the  lot 
declines  to  80-per-cent  line  in  about  twenty  hours  and 


Fir,.  9 — Target  Diagram  of  Lot  I 
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Fig.  io -Target  Diagram  of  Lot  J 
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Fig.  11— Target  Diagram  of  Lot  K 
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Fig.  h— Target  Diagram  of  Lot  L 
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Fit;,  13— Target  Diagram  of  Lot  M 
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Fig    14— Target  Diagram  of  Lor  N 
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to  about  67  per  cent  of  initial  at  fifty  hours.  This 
lot  is  of  very  poor  manufacture  and  the  wide  spread 
of  individual  curves  shows  an  utter  absence  of  uni- 
formity. The  average  candle  hours  above  the  80-per- 
cent limit  is  696  and  '  the  average  from  8o-per-cent 
limit  to  1,500  hours  is  10,811. 
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In  Figure  1 8  are  the  life  curves  of  lot  C,  which  are 
typical  of  very  uniform  and  high  quality,  the  individual 
curves  following  each  other  very  closely.  The  variation 
from  highest  to  lowest  is  within  one  candle  for  practi- 
cally the  entire  course  of  curves  and  the  average  rise 
in  candle    power    is    only  ,55    of    one    per    cent.     The 


average  initial  is  i6.  i6  candle  power,  the  lamps  rang- 
ing from  16.6  to  15.75  candle  power.  The  lamps 
decline  to  80-per-cent  limit  in  620  hours.  The  average 
candle-hour  area  above  8o-]jer-cent  limit  is  8,870  and 
from  80-per-cent  limit  to  1,500'hours  is  10,341, 

Life   curves   of   lot    D,  shown    in    Figure  19,  start 
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Fig.  17— LiFB  Curves  of  Lor  I 


with  an  average  initial  candle  power  of  15.98,  the 
lamps  ranging  from  16.3  to  15.9  candle  power.  The 
lot  is  only  fairly  uniform,  the  range  at  100  hours 
being  from  14.75  ^'^  '7-2.  The  average  candle  power 
declines  to  the  80-per-cent  limit  at  638  hours.  The 
value    of   candle-hour   area   above    the  80-per-cent  limit 


is   9,046    and    from    80-per-cent    limit    to    1,500    hours 
is  5,156. 

Curves  of  lot  E,  shown  in  Figure  20,  indicate 
very  poor  lamps,  which  decline  to  the  80-per-cent  limit 
within  234  hours.  The  average  initial  is  16.04  candle 
power,  the  lamps  varying  from  16.75  to   15.65  candles. 
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Fig.  18— Life  Curves  of  Lot  C 

With  this  close  initial  range  the  curves  diverge  widely, 
and  at  100  hours  the  lamps  vary  from  16.25  to  11.2, 
showing  that  lamps  are  not  at  all  uniform.  The  candle- 
hour  area  above  80-per-cent  limit  is  3,412  and  below 
is  9.512.  The  average  initial  efficiency  of  this  lot  is 
quite  high,  i.  e.,  3.39  watts  per  candle. 
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In  Figure  21  are  life  curves  of  lot  F,  which  show 
comparatively  little  drop  and  do  not  decline  to  80  per 
cent  of  their  initial  until  1,210  hours;  but  this  is  to 
be  expected  when  lamps  are  of  such  low  efficiency, 
i-  ^M  5-3  initial  watts  per  candle.  The  lamps  are  fairly 
uniform    but    not    correctly  rated.      The   average  initial 
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Fig.  19— Life  Curves  of  Lot  D 


is  only  11.54  and  lamps  selected  for  life  test  varied 
from  12  to  11.25  candle  power.  The  candle-hour  area 
above  80-per-cent  initial  candle  power  is  10,796  and 
from  80-per-cent  limit  to   1,500  hours  is  661. 

Life  curves  of   lot  G,  shown  in   Figure  22,  display 
a  uniformity   of   product    above   the   average    and    also 
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show  a  marked  rise  in  candle  power.  The  average 
initial  is  16.43  candle  power,  the  lamps  varying  from 
15.5  to  16.8.  The  lot  declines  to  80  per  cent  of  the 
initial  candle  power  in  708  hours.  The  average  value 
of  candle-hour  area  above  the  80  per  cent  limit  is 
11,012  and  from  8o-per<ent  limit  to  1,500  hours  is 
9.905- 
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Fig.  zo— Life  Curves  of  Lot  E 

In  Figure  23  arc  the  curves  of  lot  H,  which  show 
a  very  well  sustained  line,  especially  for  the  first  300 
hours.  This  is  to  be  expected,  however,  from  a  low- 
efficiency  lamp,  i.  e,,  4.45  watts  per  candle.  The  aver- 
age initial  is  15.12  candle  power,  the  individual  lamps 
ranging  from   14.8  to  16.15.     The  average  candle  hours 
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per  lamp  above  the  8o-per-cent  limit  is  12,342  and 
from  80-per-cent  limit  to  1,500  hours  is  200. 

The  average  of  lot  declines  to  80-per-cent  initial 
in    1,109  hours. 

Curves  of  lot  I,  shown  in  Figure  24,  follow  each 
other  closely,  indicating   a   uniform    nroduct.     The  rise 
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Fic.  20— Life  Curves  of  Lot  F 


in  candle  power  is  rather  marked.  The  average  initial 
is  15.48  candle  power,  and  the  lamps  vary  from  16  to 
15.1  candles.  The  average  of  lot  declines  to  80  per 
cent  of  initial  candle  power  in  380  hours,  but  the 
burning  out  of  one  lamp  at  305  and  one  at  306  hours 
raises   the   average    of   lot   above  the    80-per-cent    limit 
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line,  though  average  declines  below  the  line  again  at 
567  hours.  The  lamps  burning  out  being  below  the 
average  of  the  lot,  of  course  raises  the  average  figure ; 
see  average  candle  curves  of  each  lot.  The  average 
value  of  candle-hour  area  above  the  80-per-cent  limit 
is  6,692  and  below  the  80-per-cent  limit  is  4,952. 
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Lot  J  curves,  shown  in  Figure  25,  exhibit  a  fair 
uniformity  of  performance.  The  average  initial  is 
16.25  candle  power,  the  lamps  ranging  from  17.2 '10 
15.8  candle  power.  The  lot  declines  to  80-per-cent 
limit  in  562  hours.  The  average  value  of  candle-hour 
area  above  the  80-per-cent  limit  to  1,500  hours  is  8,872. 
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In  Figure  26  are  the  curves  of  lot  K,  which  show 
very  erratic  performance  of  a  lot  of  low-grade  lamps. 
The  average  initial  is  15.81  candle  power,  the  lamps 
ranging  from  1 5,25  to  16.25  candle  power.  The 
individual  lamp  curves  diverge  very  widely  and  the 
frequent  burnouts  show  a  poor   and    irregular  product 
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Fig.  23— Life  Curves  of  Lot  H 

The  average  of  lot  declines  to  80  per  cent  of  initial 
in  525  hours.  The  average  candle-hour  area  above 
Soper  cent  is  4,775  and  below  limit  is  1,884. 

The  lot  L  life  curves  in  Figure  27  show  a  group 
of  lamps  which,  to  use  a  slang  expression,  are  cer- 
tainly   "bad    actors."     The    variety   of    curves    afforded 
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by  this  lot  of  lamps  would  lead  one  to  believe  the 
lamps  were  made  in  the  dark.  The  average  initial  is 
15.15  candle  power  and  the  twelve  individual  lamps 
vary  from  17.4  to  14.5  candle  power,  this  being  as 
good  a  selection  as  could  be  obtained.  The  average 
candle  power  of  lot  declines  to  80  per  cent  of   initial 
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Fig.  24— Life  Cukves  op  Lot  I 

in  about  forty-seven  hours.  The  average  value  of 
candle-hour  area  above  80-per-cent  line  is  1,384  and 
below  80-per-cent  limit  is  6,002. 

In  Figure  28  are  the  life  cur\'es  of  lot  M,  which 
show  a  great  lack  of  uniformity.  The  average  initial 
is    16.08    candle    power,    the    individual    lamps   varying 
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from  i6.S  to  15.3  caildle  power.  From  this  compara- 
tively close  selection  of  lamps  the  curves  diverge,  and 
at  fifty  hours  the  lamps  range  from  16.45  ^^  ii-45 
candle  power.  The  average  of  lot  declines  to  80-per- 
cent limit  in  620  hours.  The  average  candle-hour 
area  above  8o-per-cent  limit  is  6,516  and  below  is 
8,262. 
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Fic.  as— Life  Curves  of  1j3t  J 

The  life  curves  of  lot  N,  shown  in  Figure  29,  dis- 
play the  performance  of  a  uniform  lot  of  lamps  having 
a  somewhat  rapid  decline  in  candle  power.  Consider- 
ing the  high  efficiency  at  which  lamps  operated,  the 
cur\'e  is  very  satisfactory.  The  average  initial  candle 
power    is    16.03    ^"d    the    individual    lamps    vary    from 
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1 6.6  to  1 5. 1  candles.  The  average  candle-hour  area 
above  80-per-cent  limit  is  6,545  and  from  80-per-cent 
limit  to  I ^500  hours  is  4,347.  The  lamps  decline  to 
80  per  cent  of  the  initial  candle   power   in   467  hours. 

Average  Curves 

From    the    individual    life    curves   of   each    lot    was 
plotted    a    curve    showing    the    average    value   of   each 
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Fig.  26— Life  Curves  of  Lot  K 


lot.     The    average    candle-power    curves   are   shown    in 

Figure    30    and    the     average     watts-per-candle     curve 

of   each   lot   is   shown    in    Figure    31.      The    cause    of 

the    sudden    and    pronounced   peaks    and    dips    in    the 

average    cur\'^es,    you    will    find    by    reference    to    the 
26 
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individual  life  curves  for  the  particular  lot  whose 
average  curve  is  under  consideration.  The  burning 
out  of  a  lamp  that  is  low  in  candle  power  as  com- 
pared with  the  average  of  the  lot,  will,  of  couise,  cause 
a  sudden  rise  in  the  average  candle-power  curve  of  the 
lot     Again,  if  a  lamp  bums  out  which  is  operating  at 


8     3     4     S     •     7     ■     a    10    11    |g  13    14  IS 


IS 
17 

13 
IS 
14 
13 
IS 
11 
10 
S 
• 
7 


Fig.  37— Life  Curves  of  Lot  L 

a  comparatively  high  efficiency,  the  average  wattage 
curve  of  the  lot  will  drop.  This  drop  or  rise  is  not 
accurately  shown  by  the  average  curves,  for  if  the 
irrt-gular  lamp  burns  out  at,  say,  450  hours,  or  mid- 
way between  the  400  and  5cx>  readings,  the  curve,  to 
show  the  result  accurately,  should  rise  vertically  to  the 
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new  average  figure  caused  by  the  bumout  and  from 
thence  assume  the  trend  of  the  lot.  To  plot  an  abso- 
lutely accurate  average  curve  would  require  almost 
innumerable  readings.  On  account  of  the  inaccuracies 
above  stated,  the  candle-hour  area  of  each  lot  was 
determined    by    tracing    the    individual    curves    of    each 
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Fig.  36— Live  Curves  of  Lot  M 

lamp  instead  of  tracing  the  average  curve  for  the  lot. 
This  insures  a  very  high  degree  of  accuracy. 

SphericaUCandU'Power  Tests 

Figure   33   shows  the   details  of  a  rotating  device 
for  use  in  connection  with  the  photometer  for  measur- 
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ing  the  candle  power  at  various  angles.  The  lamp 
socket  A  is  mounted  on  the  end  of  a  sleeve  which 
projects  from  the  end  of  the  hollow  shaft,  adjustment 
for  the  different  lengths  of  the  various  lamps  being 
afforded  by  means  of  the  clamp  B.  Wire  connec- 
tions  are    made    from    the    lamp    sockets   through    the 
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Fig.  29— Life  Curves  of  Lot  N 


sleeve  and  hollow  shaft  to  the  copper  discs  C,  which 
dip  in  mercury  pockets  that  are  milled  in  the  fibre 
block  D.  The  lamp  is  rotated  by  means  of  a  small 
motor,  which  is  belted  to  the  large  pulley  on  the 
loose  sleeve  E.  A  belt  passing  over  the  small  pulley 
on  loose  sleeve  E  and  under  the  idler  pulleys,  drives 
the    hollow   shaft    in    the    main    bearing   by   means   of 
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the  small  pulley  bearing  li.  The  pulleys  are  of  fibre. 
Upon  the  base  of  the  device  is  mounted  the  sake 
F,  which  is  calibrated  in  degrees.  A  pointer  attached 
to  the  hub  immediately  above  the  loose  sleeve  indi- 
cates  on    the    scale    the    exact    relation    of   the  axis   of 

Hundred  Hours. 
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lamp  to  the  axis  of  the  photometer,  the  lamp  bfeing 
maintained  in  that  position  by  means  of  the  set  screw 
G  which  bears  on  the  vertical  shaft. 

Six    new  lamps  were    selected    at    random    for  each 
of    the     various     lots     for     the     spherical-candle-power 


tests,  and  the  data  of  this  test  represent  the  average 
results  of  the  six  lamps  of  each  lot.  To  obtain  the 
relation  between  the  mean  spherical  and  the  mean 
horizontal  candle    power,   the    lamps  were  placed  upon 
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a  revolving  stand  and  driven  at  300  revolutions  per 
minute.  The  mean  horizontal  candle  power  was 
obtained  with  the  axis  of  rotation  at  right  angles  to 
the  axis  of  the  photometer,  and  this  position   is  called 


90  degrees  as  shown  on  spherical  candle  power  dia- 
grams, and  position  with  the  axis  of  rotation  coincident 
with  the  axis  of  the  photometer  and  with  the  base 
toward  the  photometer  is  called  o  degrees,  and  with 
the  tip  toward  the  photometer  i8o  degrees.  Candle 
powers   were    determined   with  the  axis  of  rotation  in 


Fig.  33    Rotating  Device  fo 

different  relation  to  the  axis  of  photometer  as  follows ; 
o,  5.  15.  25.  35.  45.  55.  65,  75,  85,  90,  95,  105,  115, 
125,   135.   '45.   >55.   165,   175  and  180  degrees. 

These  candle  powers  were  converted  into  per  cents 
of  the  mean  horizontal  candle  power  and  a  curve  of 
these    percentages  was    plotted    for    each    lot    of    lamps 


tested.  The  area  inclosed  by  curve  divided  by  the  area 
of  the  whole  rectangle  gives  the  net  percentage  that 
the  mean  spherical  candle  power  is  of  the  mean  hori- 
zontal candle  power.  The  diagram  was  made  by  con- 
structing a  rectangle  whose  height  is  the  mean  hori- 
zontal candle  power  and  whose  length  is  twice  the 
height,  and  erecting  perpendiculars  at  distances  from 
the  middle  of  the    base   equal  to  the  height  multiplied 


Fig.  37— Sphrrical  Diagrams  of  Lots  M  and  N 

by  the  cosine  of  the  angles   that   the  axis  of  the  rota- 
tion made  with  the  axis  of  the  photometer. 

All  the  candle-power  measurements  throughout  the 
tests  are  based  upon  the  mean  horizontal  candle  power, 
and  the  relation  between  the  mean  spherical  and  the 
mean  horizontal  candle  power  is  shown  in  the  list  of 
percentages  in  column  3  of  the  table  shown  in  Figure  38. 
Applying  the  factors  showing  the  relation   between  the 


39^ 


2 

Type  of 
Filament 

Relation  of  Mean 

Spherical  to  Mean 

Horizontal  c.p. 

in  per  cents 

M.  H  C.  P. 

■ 
• 

u 

• 

5? 

A 

Double  oval 

81.88 

82.46 

82.13 

8288 

81.50 

96.08 

80.32 

82.10 

82.69 

80.94 

84.81 

81.42 

83.43       ' 

84.  «3 

1. 221 

B 

It          it 

1. 212 

c 

(«          tl 

1. 219 
1.206 

D 

it          it 

E 

tt          tl 

1.227 

1.0408 

1.245 

1. 218 

1.209 

1.235 

1. 179 
1.228 

F 
G 

3-coil  clip,  spiral 

2  looDS  in  scries 

H 

I 

k 

L 

Double  oval ... 

>t                               t4 
lilt 
tt                               it 
II                               tl 

M 

N 

2  ovals  in  series 

2-coil  soiral  in  series 

1. 199 
1. 187 

Fig.  38 — Results  of  Spherical  Candle- Power  Tests 
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M.  H.  C.  p.  and  the  M.  S.  C.  P.,  to  the  average  initial 
watts  per  candle  of  each  lot  of  lamps  on  the  life  test, 
gives  the  watts  per  mean  spherical  candle  for  each  lot 
of  lamps,  as  shown  in  table  in  Figure  39.  The  effi- 
ciency measurements  throughout  the  tests  are  based 
upon  the  mean  horizontal  candle  power  and  the  total 
watts.  The  variations  in  candle  power  between  the 
stated  angles  for  the  various  lots  of  lamps  under  test 
is  shown  by  the  spherical  candle-power  curves  Figure  34 
to  Figure  37  inclusive. 

About  three-fourths  of  the  makers  use  the  double- 
oval  shape  of  filament,  and  while  the  spherical  candle 
power  diagrams  show  some  differences  in  the  distribu- 
tion of  light,  the  relation  of  the  mean  spherical  to  the 
horizontal  candle  power  in  the  various  lamps  fitted  with 
the  double-oval  filament,  shows  comparatively  little 
difference. 


Useful' Life  Results 

The  curves  showing  the  change  of  volts,  watts  per 
candle  and  life  due  to  different  candle  powers,  which 
were  presented  to  you  by  Mr.  Willcox,  have  been 
proven  to  be  correct  by  experiments  made  by  the 
engineer  of  a  western  lamp  manufacturer,  and  these 
curves  were  used  in  reducing  some  of  the  results  to  a 
common  basis. 

Selecting  lot  N,  the  highest-efficiency  lamp  under 
test,  as  a  basis,  the  above-mentioned  curves  were  used 
to  reduce  the  various  lots  to  a  common  basis.  The 
results  were  figured  by  arithmetical  proportion  and  show 
the  point  at  which  the  average  candle-power  curve  of 
each  lot  should  have  crossed  the  80-per-cent  limit  line, 
allowing  for  the  different  efficiencies  at  which  the 
various  lots  operated.     The  results  in  column  3  in  the 
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following  table  are  based  on  the  relative  average 
initial  watts  per  horizontal  candle  power.  The  results 
in  column  four  are  based  upon  the  average  watts  per 
initial  mean  spherical  candle  power.  This  last  column 
reduces  all  lamps  to  a  common  base  of  efficiency  and 
spherical  candle  power.  Results  in  column  five  are 
candle-hour  areas  reduced  to  a  common  base  of  initial 
spherical  watts  per  candle. 


111 


3.780 
2,854 


1  Estimated  Useful  Lif* 


DISCUSSION 

The  Pkksiiiknt:  Is  there  any  discussion  on  this 
paper  ? 

Mr.  Wii.i.c6x  :  I  want  to  thank  Mr.  Bailey  for 
this  paper,  which  shows  a  great  deal  of  careful,  pains- 
taking work.  It  is  the  first  complete  report  we  have 
had  of  the  performance  of  the  various  types  of  220- 
volt  lamps,  and  is  of  great  importance  on  account  of 
the  increasing  use  of  these  lamps  to-day.      In  the  first 
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place,  it  should  be  noticed  here  that  we  have  a  lamp 
that  starts  with  an  initial  efficiency,  horizontal  measure- 
ment, of  3.36  watts  per  candle,  or  3.4,  and  gives  a 
useful  life  of  467  hours.  This  is  as  good  as  the  use- 
ful life  of  a  loo-volt,  3.1 -watt  lamp.  We  have  these 
two  lamps,  then,  on  an  equal  basis,  with  a  difference 
of  only  .3  watts  per  candle  in  efficiency.  This  gives 
us  a  definite  comparison  of  the  loo-volt  and  the  200- 
volt  lamp.  The  limits  of  candle  power  and  watts 
mentioned  by  Mr.  Bailey  are  too  narrow  for  the  200- 
volt  lamps.  We  can  not  prescribe  the  same  limits  for 
200-volt  lamps  as  for  100-volt  lamps,  because  of  the 
very  much  less  demand  for  the  200-volt  lamp.  The 
manufacturer  must  therefore  have  a  wider  range. 

I  would  call  attention  to  the  method  employed  for 
correcting  the  results  so  as  to  bring  the  two  lamps 
to  an  equal  comparative  basis.  Your  committee  has 
pointed  out  that .  the  spherical  candle  power  is  the  only 
proper  basis  for  comparing  lamps.  In  this  case,  the 
lamps  are  first  tested  on  the  horizontal  candle-power 
basis  and  the  results  obtained  afterward  corrected.  For 
example.  Lamp  A,  on  page  396,  has  an  efficiency  of  four 
watts  per  candle  initial  horizontal,  and  so  on  throughout 
the  tables.  Spherical  candle-power  measurements  give 
the  spherical  factors  for  each  make  shown  in  last  column 
of  table  38,  page  396.  We  see  here  that  the  factor 
for  Lamp  A  is  1.2  21,  so  if  we  multiply  the  horizon- 
tal watts  per  candle  by  the  spherical  factor,  we  get  the 
mean  spherical  watts  per  candle,  which  are  4.88,  shown 
in  column  3,  figure  39.  Thus,  having  obtained  the 
spherical  efficiencies  for  the  different  makes,  we  pro- 
ceed to  reduce  them  to  a  common  basis  of  efficiency 
by  using  the  curves  given  in  the  paper  presented  at 
last  year's  convention,  on  **The  Practical  Side  of  the 
Incandescent    Lamp."     In  this  way  we  correct  for  the 
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differences  in  shape  of  filament  and  differences  in  initial 
efficiency  and  bring  all  the  lamps  to  an  equal  com- 
parative basis.  The  mean  spherical  candle  power  is 
commonly  obtained  by  measuring  lamps  in  different 
positions.  It  is  not  necessary  to  do  this,  however,  as 
it  is  practicable  to  obtain  the  corrected  average  spheri- 
cal candle  power  by  measuring,  first,  the  horizontal 
candle  power  of  the  lamp,  and,  second,  the  tip-end 
candle  power.  Then  by  taking  .7  of  the  horizontal 
plus  .3  of  the  end,  we  have  the  mean  spherical  candle 
power. 

The  President  :  We  have  had  our  time  taken  up 
somewhat  by  matters  extraneous  to  the  programme, 
and  for  that  reason  it  is  probable  that  we  shall  not  be 
able  to  carry  out  in  all  its  detail  the  programme  that 
we  have  mapped  out  for  the  convention.  It  will  prob- 
ably, therefore,  be  well  to  take  k  vote  to  ascertain 
which  topics  that  appear  on  the  programme  are  of 
most  interest  to  the  members. 

A  vote  was  then  taken,  with  the  following   result : 

Rates,  27 

Hot  Water  versiis  Steam  Heating,   13 

Free  Lamp  Renewals,  5 

Improvements  in  Meters,  5 

Advantages  of  Gas  Engines,  3 


RATES 

(Vice-President  Hunt  in  the  chair.) 

Mr.  Doherty  :  Mr.  Chairman  and  gentlemen  :  I 
think  there  are  about  four  important  points  in  making 
rates.  The  most  important  point  is,  what  system  of 
rating  will  bring  in  the  largest  profit  on  a  given  invest- 
ment, and  the  same  uniform  rate  to  the  consumer ;  or, 
I  might  say,  the  same  average  rate,  because  by  none  of 
these  systems  that  are  now  advocated  does  the  con- 
sumer pay  on  either  the  basis  of  his  capacity  entirely^ 
or  the  basis  of  his  consumption  :  the  rate  is  composed 
of  both  these  factors,  and  therefore  his  rate  may  be 
anything  per  kw-hour,  or  per  lamp  installed,  or  per 
lamp  demanded.  The  other  points  are  largely  matters 
that,  either  directly  or  indirectly,  have  a  bearing  on 
the  legality  of  any  system  of  rates.  It  is  generally 
understood  that  a  quasi-public  corporation  must  treat 
all  consumers  alike.  Now,  we  find  some  very  marked 
examples  of  departure  from  that  plan.  This  is  espe- 
cially to  be  noted  in  the  case  of  railroad  companies, 
who  charge  the  highest  rate  of  freight  for  the  class  of 
freight  that  can  be  handled  cheapest — live  passengers, 
who  can  load  and  unload  themselves.  Such  a  system: 
of  rating  is  based  entirely  upon  the  theory  that  it  is, 
legal,  equitable  and  desirable  to  base  their  rates  on 
what  the  traffic  will  stand.  I  doubt  whether  some 
of  the  systems  of  electric  rates  now  in  use  would  be 
considered  legal  by  certain  courts.  I  think  it  would 
depend  entirely — almost  entirely — upon  how  intelli- 
gently the  system  of  rates  were  defended ;  if  it  were 
defended  with   sufficient    intelligence   and   sufficient  in- 
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dustry,  almost  any  system  could  be  made  to  appear 
legal.  Of  course  it  is  of  prime  importance  that  we 
should  not  adopt  a  system  of  rating  that  the  courts  of 
the  country  would  afterward  decide  that  we  must 
abandon  because  of  its  illegality. 

The  system  of  rates  that  I  advocate  was  not 
evolved  from  any  desire  to  formulate  a  system  of 
rates,  but  was  evolved  by  the  conditions  that  I  was 
compelled  to  meet.  I  am  connected  with  several 
central  stations.  The  conditions  under  which  we 
operate  are  different  in  each  station.  I  felt  that  any 
system  of  rates  that  was  adopted  should  be  universally 
applicable  to  all  of  these  stations.  They  are  stations 
operating  by  water-power,  by  steam,  and  by  gas 
engines;  and  they  are  scattered  from  Quebec  and 
St.  Paul  on  the  north  to  San  Antonio,  Texas,  on  the 
south,  and  from  Long  Branch  on  the  eastern  coast  to 
Denver  in  the  West.  We  struck  so  many  different 
conditions  that  there  was  no  system  of  rates  univer- 
sally applicable  to  all  of  these  central  stations,  nor 
was  there  a  system  of  rates  that  I  felt  was  applicable 
to  even  any  single  one  of  them.  I  therefore  tried  to 
make  an  analysis  of  the  expenses  that  go  to  make  up 
the  amount  we  should  be  compelled  to  charge  each 
consumer.  I  found  there  were  several  factors  that 
influenced  our  expenses,  and  that  these  expenses  did 
not  necessarily  bear  any  exact  relation  to  each  other. 
The  first  one  that  I  may  mention  was  the  distance 
from  the  station  :  the  farther  you  have  to  transmit  the 
current,  the  greater  will  be  the  investment  and  the 
greater  will  be  the  loss ;  and  yet  that  loss  in  an  alter- 
nating-current station  is  almost  insignificant  when  com- 
pared with  certain  other  losses.  I  do  not  believe  you 
can  distinguish  between  consumers  on  the  basis  of 
distance   from    the   station,    because   they    say,    **Why 
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don't  you  locate  your  station  in  our  neighborhood ; " 
and  if  you  are  going  to  distinguish  between  consumers 
that  live  at  different  distances  from  the  centre  of  the 
town  (I  think  you  should  take  the  centre  of  the  town 
in  locating  your  station,  but  we  start  in  with  the 
assumption  that  the  station  is  already  located  and  that 
the  poles  and  wires  are  up),  you  will  find  that  the 
loss  in  transmitting  current  to  any  point  in  the  city 
is  very  insignificant  when  compared  with  other  losses 
that  you  are  compelled  to  meet. 

The  system  of  rates  that   I   advocate   is   based   on, 
first,    the    expenses   due    to    taking   care   of    the    con- 
sumers* accounts,  and   other  similar  expenses;   second, 
the  expenses  occasioned  by  the  capacity  that   the   con- 
sumer demands,  and,  third,  the  expenses  occasioned  by 
the  amount  of  current  consumed.     The  charges  might 
be  outlined  as  ( i )  the  consumer  or  meter  charge ;  (2) 
capacity  charge,  and  (3)  current   charge.     Now,  I  will 
not  go  into  every  item  of  expense  that  goes  to  make 
up  these  charges;  but  I  will  say  that  it  costs  no  more 
to  read  a  meter  when    a    man    uses    a   great    deal    of 
current  than  when   he   uses   no   current.     It   costs  the 
same    to    read    a    meter   whether    it    be    a    lo-ampere 
meter   or   a    20-ampere  meter.     It   costs   the   same   to 
make   out   a   bill    for   each    consumer,  no    matter  how 
large   or    how    small   his   consumption  may  be.     Your 
office  rent,  your  executive  salaries,    and   a  great   many 
other  items,  might  be  considered  as  just  about  in  pro- 
portion to  the  number  of  consumers,  and  ought  to  be 
divided  on  that  basis.     Also,    no   matter   how   small   a 
consumer    may  be,  you    must    have    a    pole    line    on 
which  to  carry  your   conductors  to   him,  so  he  should 
stand  a  part   of  the  interest   and   depreciation   charges 
and  a  portion  of  the  pole-line  investment.      As  to  the 
capacity  charge,  you   have   certain  other  expenses  pro- 
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portional    to   your   capacity.      It   makes   no   difference 
how   many  consumers   you    have,  how    much    or    how 
little   current  is   sold,  there   are   certain    expenses   that 
are  just  the  same,  dependent  entirely  upon  the  capacity 
you   must   be   in   position   to   furnish.     That   can    best 
be    illustrated    by   going    back    for   a   moment   to   the 
consumer    charge.      You    have    a    certain    shunt    loss, 
which  goes  on  all  day  long.     You  can  not  compensate 
for  that  by  speeding  up  the  meter,  because  you  would 
have  to  know  how  long  the  meter  was  going  to   run. 
If  you  ran  it  one  hour  a  day  at   full   load,  you   could 
calibrate    it    fast    enough    to    record    shunt  loss  for  24 
hours,  but  if  you  ran   it   two   hours  a  day,  you  would 
charge  twice   as   much   as  your  shunt  loss ;  if  you  ran 
it    only    half   an    hour   a   day,  you   would  charge  only 
half  as  much.     It   is   a   fixed   expense,  and  there  must 
be  a  fixed  charge  to  cover  it  equitably.     The   capacity 
charge    can    best    be    illustrated   by  the   core   losses   of 
the  transformers.     You   must   remember  that  the  core 
losses  in  the  transformer  are  not  greatly  different  from 
an  interest   charge.     These    losses   go   on    constantly — 
365  days  in  the  year  and  24  hours  every  day — regard- 
less of  how  much  current  a  consumer  uses.      There  is 
a  difference,  but   it    is   so   small    that    it    is  not  worth 
considering.     If   I    were   using  individual  transformers, 
I  should  in  that  case  be  furnishing   loo-per-cent  trans- 
former capacity.     If  my  core  losses  were  two  per  cent 
of  the   capacity  of   these   transformers,    my  loss  would 
amount  to  9  or  10  kw-hours   per   lamp   per   year,  if  I 
used  3.5-watt  lamps.     You  have   in   a   city  lamps  that 
bum    from    one    kw-hour   per    lamp    per    year   to    400 
kw-hours  per  lamp  per  year.     You  can    not   take   care 
of  that  fixed  expense   of .  your  transformer   by  adding 
it  to  your  kw-hour   rate.     Neither   can   you   take   care 
of  it  by  adding  it  to  any  capacity  rate   based   on    kw- 
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hour  consumption.     That   is   a   fixed   expense,  and  the 
only  way  in  which  you  can  cover  it  so  that  each  con- 
sumer pays  just  that  portion   of   it   that   he   occasions, 
is    to    make   a    fixed    charge ;   then   you   can    cover   it 
exactly.     Core  loss  is  only  one   of  the    fixed   charges; 
interest  is  another.     Assuming  that  I  have  a  consumer 
who    uses    one    kw-hour    per    lamp    per    year, — and     I 
have  a  great   many  such   consumers   in   different   cities 
in    which   the   companies  that    I    am   interested  in  are 
located — now,  if  I  am  selling  current   at    lo  cents  per 
kw-hour    I    sell    him    one   unit    for    lo   cents,  but  my 
core  loss  has  been  lo  units.     So,  in   sending  out   one 
unit  to  be  sold,  I    have  sent  out  lo  units   to  energize 
the  transformer,  and   my  station   output   has   therefore 
been  1 1  kw-hours,  for  which  I  have  received  i  o  cents ; 
so    my  receipts    will    be    .98   cent   per   kw-hour    sent 
from  the  station.     If  that  man  had  used  10  units   my 
send-out    would    have    been     20     kw-hours    and     my 
receipts  would  have   been    $1.00,  or  10  cents  per  unit 
sold,  or  five  cents  per  unit   sent   out.     When  you  get 
to  400  kw-hours   per   lamp   per  year — which  is  almost 
equivalent  to   constant   operation    of    lamps    24   hours 
a     day — this     lo-kw     core     loss     referred    to     is     an 
insignificant  percentage  of  the  total  amount  of  current 
sent  out  from  the  station.     In   this  case    I    have   sent 
out   400   units   to   be   sold   and    I    have   sent    out    10 
units   to    be   lost ;    so  my   total   send-out  is  410  units, 
and  I  have  been  paid  for  400  kw-hours. 

Assuming  that  you  eliminate  all  these  fixed 
expenses  from  your  charges,  that  you  take  care  of  all 
your  fixed  expenses  by  making  a  fixed  charge  against 
them,  why,  then  it  costs  just  about  the  same  per 
kw-hour  to  supply  a  consumer  with  current  whether 
he  be  a  large  user,  a  small  user,  a  long-hour  user,  or 
a    short-hour    user;    and,   no    matter   what    kind    of   a 


4^6 

user  he  may  be,  your  expenses  for  the  current  are 
about  the  same  per  kw-hour.  That  kw-hour  charge 
includes  only  boiler  fuel,  boiler-room  labor  and  a 
proper  proportion  of  engine-room  labor  that  is  caused 
by,  and  is  proportional  to,  the  amount  of  current  sent 
out ;  and  then  it  takes  in  a  certain  proportion  of  the 
other  expenses  influenced  by  the  amount  of  current 
you  sell,  to  the  extent  that  they  are  influenced,  and  of 
course  must  take  in  free  lamp  renewals.  When  Mr. 
Willcox  spoke  yesterday  about  covering  the  lamp- 
renewal  charge  in  fixed  charges,  I  think  he  made  a 
serious  mistake,  because  your  lamp-renewal  expenses 
will  be  proportional  to  the  amount  of  current  used  in 
the  lamp,  and  therefore  a  fixed  charge  will  not  equit- 
ably cover  them ;  neither  will  any  kw-hour  charge 
equitably  cover  a  fixed  expense. 

I  will  say  that  we  have  adopted  the  system  that  I 
advocate,  to  a  limited  extent,  in  several  cities.  We 
are  so  well  satisfied  with  it  that  we  do  not  care 
whether  anyone  else  uses  it  or  not.  We  are  going 
to  use  it,  and  expect  eventually  to  sell  all  our  current 
on  that  basis ;  but,  as  I  said  in  opening  these  re- 
marks, it  is  very  hard  to  raise  the  price  on  any 
consumer.  We  find  that  if  we  were  to  enforce  a 
charge  computed  on  that  basis,  we  might  make  some 
people  pay  a  dollar  or  two  per  kw-hour  for  current. 
Their  use  of  the  current  is  so  little  that  the  fixed 
charge  would  have  so  few  kw-hours  to  be  di- 
vided into  it  that  it  would  bring  the  cost  per 
unit  to  a  very  high  figure.  We  have  therefore 
adopted  in  several  cities  what  we  term  an  optional- 
rate  scheme ;  if  any  of  our  present  consumers  would 
be  benefited  by  it,  we  allow  them  to  avail  themselves 
of  it.  In  other  words,  instead  of  making  reductions 
in  the  usual   way  (and    I    think  we   all  agree  that   we 
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can  gradually  reduce  prices  from  time  to  time,  and 
that  it  is  wise  to  make  these  reductions  when  we  can), 
keep  your  fixed  rate  for  sales  of  current  by  old  method 
the  same,  and  introduce  this  system  of  charging,  reduc- 
ing the  original  amounts  fixed  upon  from  time  to  time 
as  conditions  will  warrant.  In  Madison,  Wis.,  we 
charge  $12  per  consumer  per  year,  plus  $1.80  per  lamp 
demanded,  plus  the  rate  of  six  cents  per  kw-hour  for 
current;  giving  a  discount  of  10  per  cent  from  the 
entire  charge.  This  is  the  rate  that  prevails  in  most 
of  the  cities  in  which  we  are  interested.  In  Denver, 
we  have  a  fight  on  hand  and  -fcave  competition  there, 
and  a  year  ago  we  attempted  to  fix  our  rates  where  no 
one  could  make  money.  You  understand  that  these 
rates  are  capable  of  mathematical  computation  which 
will  tell  just  what  is  equitable  and  just  what  is  right, 
but  if  you  can  not  enforce  these  rates  on  the  consumers 
who  would  not  be  favorably  affected  by  them,  you  must 
start  in  with  an  arbitrary  rate  higher  than  the  rate  you 
figure,  and  then  as  you  eliminate  these  consumers  you 
have  to  work  toward  ideal  conditions ;  in  other  words, 
it  must  be  a  process  of  evolution,  and  not  a  process 
of  revolution.  In  Denver,  we  fixed  our  rates  at  $12 
per  consumer  per  year,  plus  $1.80  per  lamp  connected 
(it  is  unfair  to  charge  connected  lamps;  the  rate 
should  be  made  on  demand  lamps,  but  at  the  time  we 
inaugurated  the  rate  we  could  not  find  any  satisfactory 
limiting  device,  but  we  shall  correct  this  error  as 
soon  as  circumstances  will  permit).  We  then  charged 
five  cents  per  kw-hour  for  current.  From  that  we 
gave  a  discount  of  50  per  cent  and  10  per  cent.  This 
made  the  consumer  charge  $5.40,  the  lamp  charge  81 
cents,  and  the  current  charge  2.25  cents  per  kw-hour, 
including  free  lamp  renewals.  I  will  tell  you  some- 
thing about  the  effect  this  system  has  had  on  our  busi- 
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ness   in    the   cities  where  we    have   inaugurated  it.     A 
great   many  consumers  whose   bills  would   be   reduced 
by  the   adoption    of    this    rate   have    simply  taken    the 
reduction ;   they  have  not   increased   their   consumption 
at  all.     Others    have    used    slightly    more    current — 20 
per  cent   to    50  per   cent    in    some   cases — due   to  the 
natural  increase  of  their   business  and   not  due  to  get- 
ting the   lower   rate    or  getting   a   rate  on   a  different 
basis ;  while    others   have    increased    perhaps   the    same 
amount,  due  entirely  to  a  reduction  or   to  the  method 
of   charging.     Then,  there  are  certain  other   customers 
who  have   made  a  very  material  increase   in   their  con- 
sumption, due   entirely  to   the  form   of    rate.     For  in- 
stance,   one    man    I    have   in    mind   just   now    has   in- 
creased   his   consumption  something   like   400  per  cent 
since   this   rate  was   given    him.     There  are  other  con- 
sumers  that    have    raised    their   consumption    by   fully 
1,000  per  cent;    that   is,  they  are    using   ten   times   as 
much  current  as  formerly.     Now,  when   you  require  a 
man    to  pay  a  certain  fixed  charge,  regardless  of   how 
much  current    he    uses,  and    make    him    a    low  charge 
per  kw-hour,    the    incentive   to   save    in    his    light    is 
not   so   great,    because   he   can    not    save    proportion- 
ally   by   saving    on    his    consumption,  and    the    incen- 
tive   to    use    more     light    is    stronger    than    it  would 
be  with    a  straight   kw-hour   method  of    charging,  be- 
cause he  does  not  increase  his  bill  proportionally  by  using 
more  light.     Now,  without   any  material  change  in  the 
cost  to  consumers  for  the  same  amount  of  current,  the 
adoption    of   this   scheme    in    Madison,  Wis.,  with  the 
ordinary  growth  of  the  town,  which  we  thought  would 
compensate  only  for  a  small  amount  of  it,  has  resulted 
in  an  increase  of   40   per  cent  in  consumption ;   about 
33  per  cent  to    35    per   cent    being   due    to   getting  a 
lower  rate  and  to  the  method  of  charging.     We  know 
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in  a  great  many  cases  that  our  large  increases  liave 
come  from  the  method  of  charging.  Some  other 
method  might  have  done  it,  but  it  would  have  re- 
quired some  method  of  charging  where  the  increased 
consumption  would  not  have  added  proportionally  to 
the  bill  or  the  customer  could  not  have  saved  propor- 
tionally by  diminishing  the  consumption.  We  inaugu- 
rated that  system  of  rates  in  Denver  last  April.  I 
meant  to  bring  you  a  statement  of  just  how  it 
affected  our  business.  It  was  hardly  noticeable  for  the 
first  month  or  two,  and  then  it  began  to  grow  very 
rapidly.  In  March,  we  sold  76  per  cent  more  current 
than  we  did  in  the  March  previous;  in  April,  it  was 
93.5  per  cent.  I  promised  my  board  of  directors  that 
I  would  increase  100  per  cent  during  the  year,  and  I 
have  fallen  shy  6.5  per  cent. 

I  have  nothing  to  say  against  the  system  advocated 
by  Mr.  Wallis.  It  approaches  my  own  very  closely, 
although  he  is  trying  to  harmonize  the  difference 
between  his  true  expenses  and  his  former  rate  by 
letting  the  short-hour  consumer  off  a  little  easier  than 
would  be  warranted  by  his  expenses,  and  in  making 
the  profitable  consumer  pay  a  little  more.  He  has 
gone  a  step  in  the  right  direction ;  not  a  full  step, 
but  he  has  nearly  taken  it.  Take  the  man  who  is 
burning  light  under  the  Kapp  system  of  a  two-rate 
meter,  set  so  that  he  pays  one  rate  between  five 
o'clock  in  the  evening  and  eleven  o'clock  at  night  and 
pays  another  rate  for  the  remainder  of  the  day.  We 
will  assume  that  his  base  rate  is  20  cents.  He  uses 
one  hour  at  night  at  20  cents  per  kw-hour  and  one 
hour  in  the  daytime  at  five  cents.  He  pays  25  cents 
for  two  hours'  use,  or  he  pays  12.5  cents  per  kw-hour. 
Now,  here  comes  another  consumer.  Number  Two, 
who  uses  the  current  two  hours  at   night  and  pays  20 
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cents  a  kw-hour,  making  40  cents  for  the  night  use, 
and  he  uses  one  hour  in  the  daytime  at  five  cents, 
and  his  total  charge  is  45  cents  for  three  kvv-hours 
and  his  average  rate  is  15  cents.  Is  there  any  gentle- 
man in  the  room  who  will  not  agree  with  me  that  he 
is  the  more  desirable  consumer?  He  is  the  more 
profitable  consumer  at  a  uniform  rate  to  a  station ; 
and  yet  Number  Two  pays  more  than  Number  One. 
A  few  words  in  regard  to  Mr.  Ferguson's  system, 
as  he  applies  it  in  this  country.  I  think  Mr.  Fergu- 
son has  taken  a  great  step  in  eliminating  the  differ- 
ence between  winter  and  summer  consumers.  His  ex- 
penses do  not  stop  in  the  summer  time,  and  there  is 
no  reason  why  the  fixed  charge  should  stop.  But 
you  can  not  make  an  equitable  fixed  charge  on  con- 
sumption per  kw-hour,  and  that  is  what  is  attempted 
by  the  systems  outside  of  Mr.  Wallis*  and  my  own. 
The  first  objection  I  have  to  the  Wright  demand 
system  is  this :  Your  expense  curve  will  go  some- 
thing like  this  (indicating  on  the  blackboard).  With 
my  system  my  cost  curve  can  lie  over  that  line  (indi- 
cating). That  line  can  represent  my  expense  cur\'e 
and  it  can  represent  my  charge  curve,  or  my  charge 
curve  can  be  represented  by  another  line  that  would 
run  exactly  a  uniform  distance  away  from  that.  The 
Wright  demand  system  comes  in  here,  we  will  say, 
and  comes  across  here  (indicating)  for  two  hours  or 
one  hour,  as  the  case  may  be.  Now,  the  man  who 
uses  his  lights  two  hours  is  not  benefited  any  more 
than  the  man  who  uses  his  lights  one  hour,  and  yet 
there  is  no  question  whatever  but  that  the  two-hour 
man  is  a  much  more  desirable  consumer  than  the  one- 
hour  man ;  and  the  half-hour  man  and  the  quarter- 
hour  man  are  all  on  the  same  basis ;  they  are  all  the 
same,  and  yet  they  are    the  consumers  between  whom 
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you  should  distinguish  the  most.  They  are  the  con- 
sumers who  give  the  big  peak  to  the  load,  generally, 
and  cause  these  large  fixed  expenses,  and  you  must 
pay  these  fixed  expenses  by  charging  the  profitable 
long-hour  consumer  more  than  he  really  ought  to  be 
compelled  to  pay.  Now,  their  curve  comes  something 
like  this,  and  then  departs  from  that,  because  these 
are  the  consumers  that  have  to  pay  for  the  loss  caused 
by  the  other  consumers. 

We  will  take  the  consumer  that  uses  his  lights  the 
year  round  and  pays  on  the  basis  of  his  maximum 
monthly  demand.  In  the  first  place,  we  are  not  in- 
terested in  knowing  what  a  man's  demand  has  been, 
we  want  to  know  what  it  is  going  to  be ;  that  is 
what  we  provide  machinery  for.  We  want  to  know 
as  nearly  as  we  can  what  his  maximum  demand  is 
going  to  be.  We  have  one  man  in  Denver  with  an 
elegant  home,  who  insists  upon  having  an  individual 
transformer  in  his  house  and  his  primary  wires  laid 
under  ground.  He  said  he  would  not  sign  a  con- 
tract based  on  the  new  system  of  rates,  because  he 
considered  it  was  unfair.  He  wrote  us  that  he  had 
600  lights  in  his  ball-room,  which  he  desired  to  use 
once  or  twice  a  year — when  he  gave  a  reception  about 
Christmas  time — and  he  contended  that  it  was  unfair 
that  he  should  be  asked  to  pay  for  that  installation  all 
the  year  round.  But  when  we  suggested  that  we  should 
take  out  his  transformer  and  put  him  on  some  kind 
of  special  rating,  he  objected  to  it,  and  said  that  every 
once  in  a  while  he  had  occasion  to  show  someone 
the  ball-room  and  he  needed  the  lights  on  those 
occasions.  Yet  there  is  the  transformer  loss  going  on 
all  the  time.  If  you  figure  out  the  fixed  expenses  he 
occasions  by  lighting  his  ball-room  two  nights  per 
year,  and  add  to  it  his   kw-hour  rate,  then  if   he    used 
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the  lights  three  nights  he  would  be  paying  too  much, 
and  if  he  used  the  lights  only  one  night  he  would  be 
paying  too  little.  Now,  say  that  if  a  consumer  uses 
his  lights  a  half  hour  1 1  months  in  the  year — I 
refer  now  to  a  jewelry  store,  taking  an  exact  case  in 
Denver — if  he  uses  his  lights  half  an  hour  a  day  foi 
1 1  months  in  the  year  and  pays  a  rate  of  20  cents, 
he  pays  $1.10  for  5.5  kw-hours;  and  then  when 
Christmas  time  comes  he  uses  his  lights  eight  hours  per 
night  for  25  nights  in  the  month  of  December,  which 
amounts  to  200  hours;  for  60  hours  of  that  time  he 
pays  the  full  rate  and  for  140  hours  he  pays  the  low 
rate.  For  60  hours  he  pays  20  cents,  which  is  $12, 
and  for  140  hours  the  base  rate  is  $7.00;  and  he  pays 
a  total  of  $20.10  per  year.  I  am  eliminating  the 
minimum  charge.  Now,  he  has  used  a  total  of  205.5 
hours — make  it  205,  for  convenience — so  he  has  paid 
a  little  less  than  10  cents  per  kw-hour.  Let  us  take 
another  consumer  who  uses  his  lamps  two  hours 
each  night  in  the  year,  or  a  total  of  730  hours  per 
year,  and  yet  pays  the  full  base  rate  of  20  cents, 
getting  no  discount  at  all ;  yet  the  first  consumer 
uses  his  lamps  on  an  average  of  but  little  more  than 
a  half  hour  per  day  and  gets  a  rate  much  less  than 
the  second  consumer,  who  is  undoubtedly  the  more 
profitable  of  the  two.  If  the  Wright  demand  system 
in  this  country  were  applied  on  the  consumer's  maxi- 
mum demand  for  the  previous  year  —  or,  in  other 
words,  if  his  maximum  demand  should  be  the  biggest 
year  he  ever  had,  and  when  he  changes  it  you  make 
a  yearly  contract  with  him  and  never  allow  him  to 
diminish  it  except  at  the  end  of  the  year  —  if  the 
Wright  demand  system  were  on  that  basis  it  would  be 
more  equitable,  except  that  short-hour  consumers  are 
not  paying  the  expenses  that  they  occasion ;   and   that 
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means  that  you  have  to  take  the  expense  occasioned 
by  these  consumers  and  make  the  poor  fellow  who  uses 
his  lamps  longer  hours  pay  all  the  costs  he  occasions, 
pay  all  the  profits  you  ought  to  have  from  him,  and 
in  addition  pay  all  the  additional  expense  that  the 
short-hour  consumer  occasions  and  does  not  pay  for, 
and  make  him  pay,  I  suppose,  a  certain  profit  on 
them  as  well.  My  idea  is  that  every  consumer  ought 
to  pay  at  least  the  cost  he  occasions.  I  will  guarantee 
that  there  is  no  system  of  rating  thus  far  devised  that 
will  enable  you  to  make  every  consumer  pay  all  the 
costs  he  occasions,  except  the  system  that  I  have 
advocated.  I  am  not  trying  to  invent  systems  of 
charging ;  I  simply  want  one — something  that  I  can 
use  in  the  stations  in  which  I  am  interested.  If  any- 
one can  show  me  a  better  system  than  I  have 
adopted,   I  want  to  use  it. 

After  having  had  two  years'  experience  with  this 
system,  I  am  fully  satisfied  with  it.  The  objections 
brought  up  against  the  system  at  the  Chicago  con- 
vention have  failed  to  materialize.  I  find  that  the 
bills  of  consumers  are  fairly  uniform  throughout  the 
year,  and  not  unreasonable  at  any  time  of  the  year. 
There  will  probably  be  a  kick  this  summer  on  the 
minimum  charge.  There  was  none  last  summer, 
because  we  had  no  people  on  it  but  were  benefited 
throughout  the  year  by  paying  the  fixed  charge,  but 
during  this  past  year  hundreds  of  consumers  have 
signed  this  rate  who  will  not  be  benefited  at  all.  I 
do  not  know  why  they  signed,  but  they  have  done 
so ;  there  have  been  too  many  of  them  for  us  to 
explain  the  system  to  them  fully,  and  I  anticipate 
that  we  shall  have  some  complaints  this  summer.  We 
had  had  three  complaints  up  to  the  time  when  I  left 
for   this   meeting.     We   are   keeping   pretty   close   tab 
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on  them,  and»  as  I  say,  we  have  already  had  three 
complaints  out  of  7,300  consumers.  I  look  for 
about  200  complaints  to  be  received  this  summer, 
and  that  will  be  about  one-ninth  of  the  number  of 
people  who  were  on  the  rate  who  were  not  originally 
benefited  by  it.  But  there  was  a  large  number 
of  consumers  not  originally  benefited  by  the  rate 
who  came  in  and  signed  on  this  system,  and  they 
have  now  so  increased  their  consumption  that  they 
are  paying  less  than  10  cents  per  kw-hour.  One 
consumer  used  to  pay  us  about  four  or  five  dollars 
per  month,  paying  us  16.2  cents  per  kw-hour.  He 
came  to  the  office  to  ascertain  about  this  system  of 
charging,  and  I  called  his  attention  to  the  fact  that 
he  would  not  save  anything  under  the  new  rate.  He 
asked  if  he  could  not  buy  additional  current  at  a 
lower  rate,  and  being  told  that  he  could,  he  said  that 
he  did  not  want  to  feel  under  the  necessity  of  having 
to  turn  oflF  the  button  every  time  he  left  the  room 
in  order  to  economize  in  the  use  of  light,  but  he 
wanted  to  have  the  house  look  as  if  some  one  lived 
in  it.  He  paid  us  for  a  couple  of  months  this  winter 
$17  or  $18,  and  his  average  rate  was  only  5.5  cents 
per  kw-hour.  Our  connected  load  has  not  increased 
anything  like  93  per  cent,  and  as  our  demand  has 
increased  only  32  per  cent,  you  see  the  effect  of  the 
special  form  of  rate  and  the  reduction  have  had  a 
tendency  to  give  us  a  better  load  curve  and  a  greater 
consumption  per  ampere  of  peak. 

Chairman  Hunt:  If  it  is  the  pleasure  of  the 
meeting,  we  will  now  take  up  Mr.  Ferguson's  paper. 

Mr.  Williams:  It  seems  to  me  that,  in  view  of 
the  lateness  of  the  hour,  we  would  better  adjourn, 
and  continue  this  discussion  after  luncheon. 

(The  meeting  then  adjourned.) 
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President  Doherty  called  the  meeting  to  order  at 
five  minutes  after  two. 

The  President  :  Gentlemen,  with  your  permission 
I  will  announce  the  committee  on  final  resolutions: 
Mr.  Field,  Columbus,  Ohio;  Mr.  Conover,  Phila- 
delphia, and  Mr.  Davis,  Williamsport,  Pa 

We  will  now  take  up  question  No.  44,  while  we 
are  waiting  for  a  number  of  the  delegates  to  finish 
their  luncheon ;  they  had  to  be  served  at  a  second 
table,  owing  to  a  larger  attendance  at  this  meeting 
than  the  hotel  could  provide  for  promptly. 

(For  question  No.  44,  see  Question  Box.) 

(Vice-President  Hunt  in  the  chair.) 

Chairman  Hunt  :  We  will  now  continue  the  dis- 
cussion on  the  subject  of  rates,  and  will  hear  from 
Mr.  Ferguson. 

Mr.  Ferguson  :  Mr.  Chairman  and  gentlemen : 
Before  proceeding  with  my  paper,  I  want  to  say  a 
word  or  two  in  answer  to  Mr.  Doherty.  He  said 
he  was  glad  to  see  that  we  had  changed  our  method 
from  45  hours  in  winter  and  15  hours  in  summer.  I 
made  the  original  arrangement  of  45  hours  in  the 
winter  and  15  hours  in  the  summer  for  one  purpose 
only,  and  that  was  to  meet  the  theoretical  objections 
that  might  be  raised  in  conventions,  at  the  time  of  the 
introduction  of  this  system,  to  the  method  we  em- 
ployed. I  did  not  feel  at  the  time  that  it  was  the 
best  thing  to  do,  but  that  it  was  fair  to  experiment 
with ;  and  I  knew  that  there  would  be  theoretical 
objections  raised    unless    I    was   able   to   show  that  we 
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approached  the  theoretical  percentage  of  loo  as  closely 
as  possible.  Of  course,  in  changing  from  45  hours  in 
winter  and  15  hours  in  summer  to  30  hours  the 
year  round,  we  depart  from  the  theoretical  object  of 
having  every  customer  pay  the  full  share  of  the  com- 
pany's expenses. 

My  position  in  all  this  rate-making  is  that  it  is 
not  always  advisable  to  adhere  to  strictly  theoretical 
ideas ;  sometimes  we  have  to  depart  from  theor\-  in 
order  to  meet  commercial  practice.  I  do  not  know 
that  I  can  do  any  better  in  this  discussion  than  to 
read  my  paper  as  I  have  prepared  it;  I  believe  that 
will  actually  save  our  time,  and,  with  your  permission, 
I  will  do  so. 

Mr.  Ferguson  then  read  his  paper,  as  follows : 

Mr.  Presidefit  and  Gentlemen  of  the  National  Electric 
Light  Association: 

There  is  no  subject,  probably,  upon  which  the  suc- 
cessful financial  operation  of  a  central  lighting  and 
power  company  depends  so  much  as  that  of  rate- 
making.  Whatever  advance  has  been  made  in  this 
country  in  determining  a  proper  tariff  for  the  supply 
of  electricity  has  been  one  of  evolution,  and  we  find 
that  the  more  progressive  companies  have  abandoned 
the  old  methods  of  selling  electricity  at  a  flat  amount 
per  month  or  on  a  basis  of  discount  for  quantity  only, 
and  have  adopted  some  more  equitable  method  of 
charging. 

The  necessity  for  the  adoption  of  an  equitable 
method  of  charging  is  becoming  more  and  more  ap- 
parent, because  we  hear  on  all  sides  the  city  authori- 
ties bringing  forward  the  cry  of  discrimination,  and 
sooner  or  later  those  companies  that  are  not  pre- 
pared   to   go    before    their   city  council    or   their   state 
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legislature  and  demonstrate  conclusively  that  the  sys- 
tem on  which  they  charge  for  the  supply  of  electricity 
is  equitable,  will  be  subject  to  unfair  uniform  kw-hour 
price  regulation. 

An  equitable  method  of  charging,  which  is  based 
on  the  underlying  principles  of  the  cost  of  production, 
will  not  only  withstand  the  attacks  of  the  city  and 
state  authorities,  but  will  return  to  the  stockholders  of 
the  central-station  company  a  fair  dividend  on  their 
investment. 

The  advocates  of  a  uniform  kw-hour  price  advance 
the  argument  that  electricity  can  and  ought  to  be 
supplied  on  conditions  similar  to  gas.  It  is  very 
doubtful,  however,  if  there  is  any  other  business  car- 
ried on  under  conditions  similar  to  those  under  which 
electricity  must  be  supplied.  The  production  and  sale 
of  electricity  differ  from  any  other  business  in  that 
the  supply  company  must  manufacture  its  product  only 
as  it  is  required,  and  it  can  not  be  commercially 
stored,  consequently  the  company's  plant  and  mains 
must  be  governed  by  the  maximum  demand  made 
upon  them  at  any  time.  Further,  the  customers  will 
not  wait  for  the  supply  and  can  not  be  prevented 
from  taking  it  whenever  they  desire. 

If  the  municipality  or  state  should  prescribe  that  a 
uniform  kw-hour  rate  should  be  charged  to  all  con- 
sumers, the  effect  would  be  to  prevent  the  extension 
of  the  advantages  of  electricity  to  all  classes  in  any 
community,  because  the  price,  in  order  to  be  sufficiently 
high  to  make  a  fair  return  on  the  investment  in 
central-station  and  distribution  system,  whether  it  be 
owned  by  private  or  municipal  corporations,  will 
necessarily  be  too  high  to  allow  the  company  to 
supply  electricity  to  large  establishments  requiring  large 
quantities    of     electricity    or    to    small    establishments 
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requiring  light  for  a  large  number  of  hours  daily. 
Such  a  uniform  kw-hour  price  requires  the  company 
to  sell  its  product  to  some  classes  of  customers  at  an 
absolute  loss  and  prevents  it  from  supplying  its  pro- 
duct to  other  consumers,  from  whom  it  might  obtain 
a  profit,  at  a  price  lower  than  the  price  required  by 
the  municipal  or  state  law.  This  point  is  one  that  is 
universally  lost  sight  of  by  legislators  and  by  advocates 
of  a  uniform  kw-hour  price,  and  to  prove  it  we  need 
only  turn  to  the  oft-advocated  gas  analogy.  The  gas 
company,  with  its  regulated  and  uniform  price  of 
$1.00  per  thousand  cubic  feet,  can  not  compete  with 
electricity  produced  by  private  plants  in  large  establish- 
ments ;  in  fact,  it  is  possible  in  large  mercantile 
establishments  and  factories,  where  the  light  is  required 
for  8  or  10  hours  daily,  to  produce  electricity  in  a 
private  plant  at  much  less  than  the  cost  of  gas 
purchased  at  $1.00  per  thousand  cubic  feet. 

The  central-station  company  manufacturing  elec- 
tricity and  selling  its  product  on  an  equitable  basis, 
discriminating  justly  in  its  tariff  between  the  profitable 
and  unprofitable  consumer,  may  extend  the  advantages 
of  electricity  to  the  entire  community,  selling  its  pro- 
duct at  a  high  rate  to  the  customer  using  the  com- 
pany's investment  for  a  short  period  daily,  apd  at  a 
lower  rate  to  the  consumer  using  the  company's  invest- 
ment for  a  long  period  daily.  A  central-station  com- 
pany operating  under  such  a  system  of  rates  is  able  to 
obtain  a  reasonable  and  fair  profit  from  all  classes  of 
customers  and  does  not  exact  an  excessive  profit  from 
one  class  of  customers  to  make  up  for  the  loss 
incurred  in  supplying  the  unprofitable  class. 

The  courts  have  determined,  as  to  other  lines  of 
public  service,  that  discrimination  is  lawful  provided  it 
is  not  unjust,  and  it  certainly   can  be  proven  that  any 
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discrimination  in  the  rates  for  the  supplying  of  elec- 
tricity which  is  based  upon  the  cost  of  the  supply  of 
electricity  to  the  customer  is  just ;  and  it  is  my 
further  belief  that  it  can  also  be  proven  that  the 
method  of  charging  a  uniform  price  per  unit  of  elec- 
tricity supplied,  which  bears  no  relation  whatever  to 
the  cost  of  production,  should  be  classed  under  the 
head  of  unjust  discrimination,  and  therefore  less  fair 
and  less  reasonable  than  an  equitable  and  variable 
tariff   based  upon  the  cost  of  production. 

For  the  first  five  years  of  the  operation  of  the 
Chicago  central-station  companies  it  was  their  practice 
to  charge  a  uniform  list  rate  per  kw-hour,  with  varying 
discounts  ranging  up  to  20  per  cent,  depending  upon 
the  quantity  of  electricity  supplied.  It  was  soon 
found  necessary  in  many  instances,  in  order  to  re- 
tain the  business,  to  increase  the  discount.  This  was 
especially  true  in  the  cases  of  large  consumers,  and 
the  writer,  about  nine  years  ago,  in  order  to  establish 
a  more  definite  and  satisfactory  system  of  dealing 
with  customers,  devised  a  form  of  contract  which  em- 
bodied an  agreement  on  the  part  of  the  customer  to 
use  the  company's  service  to  the  exclusion  of  all 
other  methods  of  artificial  illumination  for  a  period  of 
from  one  to  five  years.  The  discount  allowed  from 
the  list  price  in  each  of  these  contracts  was  fixed  for 
the  term  of  the  contract  and  was  determined  by  the 
character  of  the  customer's  load  factor,  which  was 
estimated  in  advance.  A  minimum  monthly  or  an- 
nual payment  was  guaranteed  the  company  by  the 
customer,  the  amount  of  the  minimum  in  every  case 
approaching  as  nearly  as  possible  the  anticipated  net 
bills.  The  company,  through  this  method  of  charg- 
ing, made  very  rapid  progress  in  interesting  large 
consumers   in    the    central-station    service,  and   was   re- 
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markably  successful  in  convincing  owners  of  isolated 
plants  of  the  advisability  of  abandoning  their  opera- 
tion and  adopting  the  company's  central-station  service. 

It  soon  became  evident,  however,  that  in  an  ex- 
tensive lighting  and  power  business,  such  as  is  to  be 
obtained  in  Chicago,  the  method  we  had  been  em- 
ploying with  the  large  consumers  could  not  possibly 
be  applied  to  all  our  customers,  as  the  load  factor  of 
each  could  not  be  pre-determined  with  accuracy  and  a 
large  corps  of  assistants  would  be  required  to  handle 
the  business  of  rate-making  properly,  so  that  it  might 
be  fair  to  all  customers  alike,  and  profitable  in  all 
cases  to  the  company.  We  experimented  with  the 
system  of  charging  based  upon  the  number  of  hours' 
use  of  the  connected  load,  and,  as  might  be  antici- 
pated, this  proved  to  be  only  a  makeshift  and  had 
only  limited  success,  since  it  was  lacking  in  correct 
principles  and  bore  no  relation  whatever  to  the  cost 
of  production.  The  minimum  guarantee  per  lamp 
connected  prevented  the  installation  of  lamps  in  places 
where  they  might  be  used  only  intermittently,  and 
thus  limited  the  advantages  of  the  use  of  electricity, 
especially  in  the  home. 

Realizing  the  necessity  of  a  general  system  of 
charging  that  would  be  commercially  sound  in  princi- 
ple, and  not  only  equitable  for  all  classes  of  customers, 
but  also  automatic  in  its  action,  we  decided  to  employ 
that  system  which  seemed  to  afford  the  best  solution 
of  the  problem,  of  allowing  a  reduction  in  rates  and 
at  the  same  time  providing  a  fair  return  to  the  com- 
pany from  all  classes  of  consumers  for  the  service 
rendered.  Our  success  with  the  load  factor  and  mini- 
mum guarantee  system  as  employed  with  the  large 
consumers,  together  with  the  full  realization  of  the 
principles  underlying   the    cost    of   supplying  each   cus- 
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tomer,  led  us,  in  1897,  to  adopt  for  all  new  business 
and  for  the  gradual  readjustment  of  our  existing  busi- 
ness the  Wright    demand    system  in  a  modified    form. 

The  system  as  employed  in  Brighton,  England, 
while  admirably  adapted  to  the  customs  of  the  English 
people  and  the  conditions  surrounding  a  municipal  cor- 
poration, was  considered  unsuited  to  the  commercial 
methods  prevailing  in  this  country,  and  it  was  decided 
that  the  system  should  be  Americanized.  To  fill  the 
requirements  of  American  conditions  the  writer  sug- 
gested the  method  of  basing  each  monthly  bill  upon 
the  customer's  actual  maximum  in  that  month,  and  to 
charge  the  full  rate  of  20  cents  per  kw-hour  dur- 
ing each  of  the  six  winter  months  for  all  electricity 
consumed  monthly  until  the  consumption  reached  the 
equivalent  of  45  hours'  use  of  the  maximum  number 
of  lamps  lighted  simultaneously  as  indicated  by  the 
Wright  demand  meter,  and  to  charge  10  cents  per 
kw-hour  for  all  electricity  consumed  in  excess  of  that 
amount.  During  the  six  summer  months,  however, 
the  full  rate  was  charged  for  all  consumption  until  it 
reached  the  equivalent  of  15  hours'  use  of  the  maxi- 
mum number  of  lamps  lighted  simultaneously,  and  for 
all  electricity  in  excess  of  that  amount  the  rate  of 
charge  was  10  cents  per  kw-hour. 

The  net  rate  obtained  from  this  method,  with  the 
rates  employed,  would  of  course  be  too  high  for  large 
consumers,  and  a  wholesale  discount  was  offered,  the 
discount  being  taken  only  from  the  low-rate  portion 
of  the  bill ;  the  amount  of  this  wholesale  discount 
ranging  from  five  per  cent  to  customers  whose  low- 
rate  portion  was  $100  and  increasing  by  five  per  cent 
for  each  $100  of  the  low-rate  portion,  making  the 
maximum  discount  50  per  cent  in  the  case  of  a  cus- 
tomer whose  low-rate  portion  was  $1,000. 
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We  have  within  the  last  year  simplified  our  method 
of  charging  by  abandoning  the  diflFerence  between  the 
summer  and  winter  rates.  We  now  charge  the  full 
rate  of  20  cents  per  kw-hour  for  the  equivalent  of  one 
hour's  daily  use  of  the  maximum  demand  throughout 
the  year,  our  reason  for  the  change  being  that  we 
found  it  objectionable  to  increase  the  rate  of  charge 
by  the  increase  of  hours  in  the  fall  months,  just  at 
the  time  when  the  consumer  was  beginning  to  use  a 
larger  quantity  of  electricity. 

The  method  of  charging  for  power  business  is  as 
follows:  The  full  rate  is  10  cents  per  kw-hour  for 
the  first  30  hours'  use  of  the  maximum  power  per 
month. 

Low  rate : 

Eight  cents  per  kw-hour  for  the  second  30  hours  use. 
Six  cents  per  kw-hour  for  the  third  30  hours'  use. 
Four  cents  per  kw-hour  for  the  next  450  hours'  use. 
Three  cents  per  kw-hour  for  the  next  1 80  hours'  use. 

The  low-rate  portion  of  the  bill  is  subject  to  the 
following  discounts : 

From  $  20  to  $  40 15  per  cent 

From  $  40  to  $  60 25  per  cent 

From  $  60  to  $  80 30  per  cent 

From  $  80  to  $100 35  per  cent 

From  $100  to  $200 40  per  cent 

These  rates  for  power  give  a  range  from  10  cents 
to  2.88  cents  per  kw-hour  as  a  minimum. 

Since  the  system  was  put  into  effect  in  1897,  we 
have  kept  very  complete  statistics  showing  the  income 
at  the  different  rates  of  discount.  We  have  in  use  in 
Chicago  at  the  present  time  a  total  of  13,022  Wright 
demand  meters  and  15,633  recording  meters;  the 
income    from    the    customers    using    Wright    demand 
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meters  being  $986,560  for  the  fiscal  year  ending 
March  31,  1902.  The  average  discount  from  the  list 
is  35.1  per  cent  for  light  and  49.1  per  cent  for 
power.  Of  the  Wright  demand  mieters,  94  per  cent 
are  25  amperes  and  under,  showing  that  the  bulk  of 
our  business  on  this  system  is  with  relatively  small 
customers. 

The  total  number  of  customers  on  our  books  is 
18,623,  of  which  61.7  per  cent  are  on  the  Wright 
demand  system. 

At  the  end  of  our  fiscal  year,  March  31,  1902,  we 
had  2,737  power  customers,  of  which  50.7  per  cent 
were  on  the  Wright  demand  system. 

The  total  investment  in  meters  of  all  kinds  on  the 
company's  system  is  $353,000,  of  which  23  per 
cent  is  for  Wright  demand  meters. 

The  load  factor  for  the  Chicago  companies  for  the 
last  fiscal  year  was  27.1  per  cent,  showing  an  average 
daily  use  of  the  system's  maximum  of  six  and  one- 
half  hours. 

The  total  yearly  expense  per  recording  meter  in 
1897,  including  the  salaries  of  superintendent,  book- 
keeper, inspectors  and  helpers,  miscellaneous  supplies, 
repairs  and  renewals  (before  we  adopted  the  Wright 
demand  system  of  charging),  was  $2.95  per  recording 
meter. 

In  the  year  1901,  the  total  yearly  maintenance 
expense,  including  the  same  items,  was  only  $1.85 
per  recording  meter,  showing  that  the  cost  of  main- 
taining Wright   demand  meters  is  inconsequential. 

Criticism  has  been  sometimes  made  of  the  method 
used  in  Chicago,  on  the  ground  that  the  company 
might  do  a  large  amount  of  unprofitable  business, 
owing  to  the  fact  that  there  was  no  guarantee  to  the 
company  that    the    consumer   would    pay    for   at    least 
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one  hour's  daily  use  of  the  maximum  demand.  An 
analysis  shows  that  of  our  total  in.come  from  Wright 
demand  business,  only  8.6  per  cent  of  the  total  comes 
from  customers  using  the  equivalent  of  their  maxi- 
mum demand  for  less  than  one  hour  daily,  and 
further,  that  the  ratio  of  gross  bill  to  full-rate  lamp- 
hours  of  these  **  shortage  customers"  is  57.3  per  cent, 
so  that  the  actual  amount  of  business .  which  falls  short 
of  using  the  maximum  demand,  one  hour  per  day,  is 
only  3.67  per  cent,  which  I  think  may  be  considered 
small  enough  to  be  unworthy  of  criticism. 

The  ordinance  under  which  we  operate  in  Chicago 
provides  that  we  shall  not  charge  at  a  rate  higher 
than  one  cent  per  i6-cp  lamp-hour,  so  that  we 
are  prevented  from  exacting  from  our  customers  a 
guarantee  that  they  will  use  the  maximum  demand  at 
least  one  hour  per  day  ;  but  even  though  we  were  not 
prohibited  by  the  ordinance  it  is  very  doubtful  whether 
we  should  consider  it  wise  to  exact  this  guarantee 
from  the  customer,  in  view  of  the  small  percentage  of 
shortage  that  actually  exists  in  practice,  for  such 
exaction  from  the  customers  by  the  company  is  often 
the  cause  of  bitter  feeling  and  undesirable  criticism, 
and  sometimes  results  in  unfair  legislation  which  more 
than  offsets  the  small  gain  in  revenue  exacted  by  the 
company  under  the  minimum  guarantee. 

The  full-rate  portion  of  a  customer's  bill  should, 
under  no  circumstances,  be  subject  to  discount,  as  in  all 
equitable  tariffs  each  customer  should  pay  the  cost  to 
the  company  of  preparing  itself  to  supply  the  demand. 

The  cost  of  supplying  electrical  energy  from  a 
central  power  station  may  be  separated  into  two 
clearly  defined  groups  : 

First — The  cost  of  getting  ready  to  supply  and 
distribute  energy. 
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Second — Cost  of  continuing  the  actual  supply  ol 
energy. 

These  two  groups  may  be  designated  as  ''prepara- 
tion "  and  ''production  "  costs,  respectively. 

In  the  manufacture  and  distribution  of  electricity 
from  a  central  station,  the  preparation  costs  form  by 
far  the  greater  percentage  of  the  total  cost,  and  each 
customer  must  use  the  service  of  the  company  a 
sufficient  length  of  time  daily  at  the  full  rate  of 
charge  to  insure  the  company  against  actual  loss. 
After  the  customer  has  used  the  service  of  the 
company  a  sufficient  length  of  time  daily  to  insure 
the  company  against  loss,  then  the  company  may  sell 
the  consumer  the  remainder  of  the  electrical  energy 
required  by  him  at  a  fair  margin  above  the  pro- 
duction cost,  to  insure  a  reasonable  profit  on  the 
investment.  I  believe,  however,  that  the  initial  rate 
should  be  maintained  as  high  as  possible,  and  if  it  is 
found  desirable  to  lower  the  charge  covering  prepara- 
tion costs,  it  should  be  accomplished  by  reducing  the 
length  of  time  daily  that  the  customer  is  required 
to  use  the  maximum  demand  before  obtaining  the 
benefit  of  the  low  rate.  This  will  lessen  the  amount 
of  shortage  from  a  certain  class  of  customers. 

The  use  of  an  indicator  for  determining  the  maxi- 
mum demand,  without  limiting  the  same,  eliminates 
all  speculation  and  discussion  as  to  the  probable  maxi- 
mum demand  of  the  customer,  and  puts  the  rate 
making  in  each  individual  case  entirely  in  the 
customer's  own  hands,  for  the  company  installs  the 
meter  and  the  customer  makes  the  rate  by  the 
manner  in  which  he  uses  the  service. 

The  value  of  a  system  of  charging  which  places 
the  rate  making  in  the  customer's  hands,  and 
eliminates    all     trading,    as    this    does,    must     appeal 
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Strongly  to  one  who  has  had  much .  experience  in 
making  rates  and  negotiating  contracts  with  a  large 
variety  of  customers ;  and  from  five  years*  experience 
gained  with  this  system,  I  am  more  strongly  con- 
vinced of  the  necessity  of  some  such  equitable  tariflF 
being  adopted  by  all  the  electric-lighting  companies  in 
every  city  and  town,  not  only  to  serve  justice  to  the 
customer,  but  also  to  protect  the  investor  in  illumi- 
nating properties  from  the  loss  of  revenue  resulting 
from  injudicious  contracting  (so  common,  especially  in 
the  smaller  cities  and  towns),  and  unfair  municipal 
price  regulation  ;  both  of  which  will  become  inevitable 
without  a  proper  system  of  charging. 


The  President  :  We  will  now  listen  to  the  other 
papers  written  for  this  discussion ;  those  of  Messrs. 
Wallis,   Patterson,   Scovil,  Phillips  and  Dow. 

The  papers  were  then  read,  as  follows : 

L.  R.  WALLIS 

The  inquiries  that  have  come  to  the  writer  from  all 
parts  of  the  continent  since  the  last  meeting  of  the 
association,  at  which  the  paper  upon  the  Foresee 
(4-C)  System  of  Changing  was  presented,*  establishes 
in  his  mind  beyond  a  doubt  that  the  central  station 
managers  of  this  country  are  fully  alive  to  the 
necessity  of  the  universal  adoption  of  some  uniform 
method  of  charging  that  will  entirely  succeed  the 
**flat  rate"  and  **  uniform  meter  rate"  charging. 

It  is  somewhat  interesting  to  note  that,  notwith- 
standing the  rapid   strides  and    radical   departures   that 

*  See  Proceeding^  National  Electric  Light  Anodatlon,  1901. 
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have  been  made  in  central  station  practice  during  the 
past  decade,  with  but  few  exceptions  the  same 
methods  of  charging  for  the  product  of  the  central 
station  are  still  employed.  This  would  seem  to  sub- 
stantiate the  theory  that  either  the  commercial  end 
has  not  kept  pace  with  the  engineering  end,  or  that 
the  original  methods  were  correctly  conceived  and 
cannot  be  improved  upon.  Since  they  could  not  have 
originally  been  based  upon  cost,  in  the  absence  of 
cost  data,  it  can  hardly  be  claimed  that  they  were 
based  upon  correct  principles ;  consequently,  attention 
to  this  important  branch  of  the  business  has  been 
universally  neglected  ever  since  the  introduction  of 
electric  illumination.  It  is  still  the  practice  to  make 
rates  without  sufficient  analysis  of  cost,  and  especially 
without  aiming  to  have  each  unit  of  energy  sold  bear 
its  proper  share  of  the  fixed  charges  of  the  plant. 

We  cannot  make  much  progress  along  the  lines 
of  equitable  charging  unless  we  do  so  with  some  care- 
fully considered  system.  Considerable  business  now 
done  at  the  highest  rate  is  not  profitable,  and  this 
indicates  that  some  element  other  than  the  amount 
of  energy  used  must  be  considered.  Some  have  tried 
to  regulate  the  time  when  the  service  shall  be  used, 
but  it  is  not  feasible  to  continue  solely  along  these 
lines,  as,  in  the  very  nature  of  the  business,  the 
power  service  seems  bound  to  overlap  the  lighting 
service. 

At  the  risk  of  repetition,  I  affirm  that  ** capacity*' 
is  the  central  station's  most  valuable  and  ** current" 
its  least  valuable  property,  or  stock  in  trade. 
**  Capacity "  cannot  be  disregarded,  depending  upon 
the  consumer  to  use  enough  ** current"  at  the  high 
price  per  unit  usually  charged  under  uniform  meter 
rates  to  make  a  profitable  return  from  each  individual 
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consumer.     Minimum    consumers   should   not    receive 

their  supply  at  less  than  cost  upon  the  theory  that 
there  are  enough  good  consumers  to  make  up  such 
losses  as  well  as  to  return  a  profit  on  the  whole 
operation.  Strictly  speaking,  the  customer  that  de- 
mands a  certain  capacity  should  not  expect  more,  and 
should  pay  the  fixed  charges  on  that  portion  of  the 
whole  that  is  thus  sold  and,  consequently,  reserved  for 
that  particular  customer.  We  should  not,  however, 
expect  income  from  surplus  capacity  in  excess  of  that 
which  is  demanded  to  perfect  the  service.  The  quan- 
tity of  energy  supplied  can  then  be  sold  to  all  at  a 
uniform  rate  per  unit. 

The  amount  charged  for  energy  per  unit  should  be 
just  sufficient  to  pay  the  operating  expenses  and  a 
proper  interest  on  the  investment,  and  should  be 
always  as  low  a  rate  as  it  is  consistent  to  make.  The 
charge  per  unit  of  consumption  is  not  essential,  except 
to  equalize  the  charges ;  otherwise,  we  should  find  the 
same  conditions  that  exist  to-day,  only  less  objection- 
able, because  the  amounts  in/olved  would  be  less; 
but  capacity,  or  maximum  power  demanded  by  the 
customer,  is  the  essential  thing,  and  must  be  known  in 
advance  if  the  charge  is  to  be  equitable.  Advance 
knowledge  enables  us  to  conduct  business  with  better 
results.  Whenever  a  customer  pays  the  fixed  charges 
on  the  demand  he  creates,  it  is  then  optional  with  such 
customer  whether  a  profit  is  realized  or  not ;  but  it  is 
fair  to  assume  that,  having  gone  so  far  as  to  pay 
such  an  amount,  energy  will  be  used  to  make  it  profit- 
able. Those  that  use  the  service  most  must  pay  the 
plant  the  most  profit,  which  is  as  it  should  be.  It 
makes  all  customers  good  customers,  and  does  away 
with  the  complicated  two-rate  or  discount  methods. 

Many  water-power  plants  charge  a  flat  rate  per  year 
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per  horse  power,  or  per  lamp  used,  and  if  this  amount 
includes  the  fixed  charges  and  an  additional  amount 
for  expense  and  interest,  it  cannot  be  otherwise  than 
profitable,  and  the  rate  need  not  be  exorbitant. 

Some  plants  are  installed  and  all  the  power  taken 
by  one  customer,  in  which  case  the  profits  can  be 
accurately  foretold  for  the  year.  If  one  customer  in 
such  a  case,  uses  i,ooo  horse  power,  and  in  the  other, 
five  hundred  customers  use  1,000  horse  power,  the 
difference  in  cost  is  for  attendance  outside  the  station 
operating,  and  additional  investment.  In  the  first  case 
the  load  line  may  be  assumed  to  be  practically  straight ; 
but  in  the  latter  case  a  peak  has  develop'ed,  which 
has  caused  more  dissatisfaction  among  station  mana- 
gers than  all  the  other  problems  combined.  If  we 
sell  the  capacity  represented  by  this  peak,  it  need  not 
cause  dissatisfaction,  even  if  it  does  exist.  That  the 
capacity  charge  will  vary  in  different  plants  is  but 
natural,  but  the  result  of  such  a  plan  must  in  the  end 
be  beneficial  to  both  the  customer  and  the  supply 
company. 

Since  July  i,  1901,  all  the  customers  in  the  terri- 
tory supplied  by  the  company  with  which  the  writer 
is  connected,  comprising  a  population  of  thirty  thou- 
sand people  within  ten  miles  of  Boston,  have  been 
charged  upon  the  Foresee  (4-C)  system,  contracting 
with  the  company  for  a  period  of  one  year,  agreeing 
to  pay  for  the  "  capacity  "  demanded  in  sixteen-candle- 
power  lamps,  or  their  equivalent,  at  the  tariff  rates 
established  (as  per  schedules  contained  in  the  report 
above  referred  to)  plus  "current"  as  shown  by  meter 
at  six  cents  per  kilowatt  hour. 

The  legality  of  this  method  was  questioned  by 
certain  consumers,  and  an  appeal  was  taken  to  the 
State  Board  of  Gas  and  Electric  Light  Commissioners. 


who,  after  through  investigation,  rendered  an  opinion 
favorable  to  the  plan.  The  following  quotations  are 
abstracted  from  their  opinion :  *'  Such  a  scheme  of 
charging  is,  we  believe,  absolutely  unique  in  the  electric 
lighting  business,  and  there  is  no  experience  by  which 
to  forecast  its  results  reliably.  It  is  evidently  intended 
to  increase  the  profits  of  the  company  by  increasing 
its  output  and  at  the  same  time  to  reduce  the  price 
to  a  large  majority  of  its  customers,  enabling  them 
without  proportionate  increase  in  their  bills  to  use 
lights  much  more  freely  and  with  increased  con- 
venience. 

'*  It  may  be  expected,  also,  in  some  cases  of  small 
consumption  to  increase  the  price  per  unit  above  that 
formerly  in  force  (twenty  cents  per  kilowatt),  but 
only  in  cases  where  the  ratio  of  hours  burned  to  the 
number  of  lamps  contracted  for  is  very  small.  The 
operation  of  the  automatic  device  for  preventing  the 
use  of  lamps  above  the  contract  number  may  prove 
at  times  inconvenient  and  offensive,  but  may  also  be 
an  essential  feature  of  the  plan. 

**The  name  of  'capacity  charge/  and  the  way  in 
which  it  was  proposed  to  the  public,  seemed  at  first 
to  indicate  that  it  was  intended  to  guarantee  a  definite, 
perhaps  an  increased,  rate  of  dividend,  but  a  careful 
scrutiny  of  the  rates  offered  and  the  method  by  which 
they  have  been  determined  shows  that  they  have  been 
reduced  below  the  amount  that  they  theoretically 
would     need     to     be    in    order    to    accomplish     such 

guarantee." **  There  is  nothing,  however,  in 

its  nature  that  removes  it  from  the  jurisdiction  of  the 

Board" "The  Board  does  not  see  its 

way  clear  at  the  present  time  to  require  further 
changes." 
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This  question  is  becoming  more  and  more  impor- 
tant all  the  time,  as  the  central  stations  realize  that 
it  is  the  only  part  of  the  business  that  has  not  been 
pretty  well  developed. 

The  system  I  found  in  operation  here  in  Water- 
ville  was  interesting,  from  one  point  of  view,  as 
being  an  indication  of  the  natural  tendency  of  all 
stations  to  base  their  rates  upon  capacity  demanded. 
The  schedule  of  rates  was  based  upon  the  number  of 
lamps  contracted  for,  and  the  customer  was  allowed 
to  make  that  any  number  chosen,  except  in  some 
residences  where  ten  lamps  or  less  was  the  total 
number  installed,  in  which  case  the  actual  number 
installed  was  taken. 

The  rate  schedule  was  as  follows : 


FOR    RESIDENCES 


No.  i6-Candle-Power 

Lamps  to  Be  Used 

Simultaneously 

I 
2 

3 

4 

5 
6 

7 
8 

9 
lo 

II 

12 

13 
14 

15 

i6 

17 
]8 

19 

20 


Price 

Price 

Per 

Per 

Month 

Year 

$0  80 

$  9  60 

0  95 

II  40 

I  10 

13  20 

I  25 

15  00 

I  41 

16  90 

I  65 

19  47 

I  87 

22  47 

2  08 

24  96 

2  28 

27  36 

2  46 

29  50 

2  63 

31  57 

2  78 

33  36 

2  92 

35  10 

3  05 

36  54 

3  13 

37  50 

3  27 

39  20 

3  35 

40  12 

3  42 

41  04 

.3  47 

41  67 

3  52 

42  20 

All  over,  at  ijyi  cents  each  per  month. 

In  operating  under  this  plan,  we   find   that  people 
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do  not  try  to  keep  within  the  capacity  contracted  for, 
but  use  at  times  a  number  greatly  in  excess  of  that. 
It  is  the  writer's  belief  that  such  a  plan,  with  a 
suitable  limiting  device,  can  be  operated  successfully, 
as  it  must  be  patent  to  every  one  that,  knowing  the 
capacity  required  to  furnish  a  customer,  it  is  quite 
easy  to  calculate  the  amount  of  income  necessary  to 
realize  the  profits  that  must  be  obtained.  Of  course 
such  a  plan  would  be  more  beneficial  to  some 
customers  than  to  others,  but  all  have  the  same  rights. 
In  the  case  of  water-power  plants,  such  as  this,  this 
feature  is  not  a  very  serious  one  to  the  company.  In 
a  steam  plant  it  would  perhaps  be  out  of  the  question, 
but  with  certain  regulations  as  to  the  use  of  the 
service,  objections  would  be  eliminated  to  a  large 
extent. 

For  instance,  we  have  one  customer  for  500  horse- 
power twenty-four  hours  a  day  at  something  less  than 
$40  per  horse  power  per  year.  Assuming  another 
500  horse-power  to  be  delivered  to  five  hundred 
customers  with  a  demand  of  ten  lamps  each,  or,  say 
one  horse-power,  we  could  base  our  price  on  the  con- 
tinuous use  of  this  service,  if  you  like,  and  make  the 
price  accordingly  ;  say  $40  per  year  to  each  customer. 
The  amount  of  power  and  the  amount  of  income 
would  be  the  same  in  each  case,  and  if  we  add  an 
amount  to  this  charge  to  cover  additional  expenses 
incurred  in  serving  more  customers,  we  are  apparently 
protected  as  well  in  one  case  as  the  other,  and  yet 
the  price  is  not  exorbitant.  I  should  say  that  ten 
dollars  per  year  additional  would  cover  the  extra 
expense  of  serving  each  of  the  five  hundred  customers. 
This  would  be  about  twenty  dollars  per  year  more 
than  the  schedule  of  rates  submitted  for  ten-lamp 
demand,    and    forty-eight    dollars  more    than    twenty- 
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lamp    deiTKtfid    per   year,  but   this    schedule   could   be 
modified  to  meet  the  local  conditions. 

Any  plan  that  cannot  foresee  the  customer's 
demand  is  handicapped  to  such  an  extent  that  it  is  a 
question  if  it  can  ever  be  satisfactory. 


SAMUEL  SCOVIL 

The  problem  of  devising  a  method  of  charging 
for  current  which  shall  be  so  uniform  in  its  operation 
as  will  permit  of  its  being  applied  to  every  customer 
without  exception,  and  without  any  undue  preference 
in  any  instance,  is  certainly  one  of  the  most  difficult 
tasks,  if  not  the  most  difficult,  which  the  manager  of 
a  central  station  company  supplying  electricity  is 
called  upon  to  solve ;  and  in  many  cases  the  problem 
is  made  more  difficult  by  reason  of  certain  restric- 
tions being  placed  upon  the  company  by  the  muni- 
cipal authorities  of  the  community  which  it  is  serv- 
ing. A  method  of  charging  for  current  which  will 
appear  to  meet  practically  all  the  necessities  of  the 
case  in  a  community  where  the  difference  between 
the  amount  collected  annually  from  the  smallest  and 
the  largest  consumers  is  comparatively  slight,  is  found 
to  be  altogether  inadequate  where  the  difference  be- 
tween the  annual  amounts  paid  to  the  company  by 
these  two  classes  of  customers  is  many  times  multi- 
plied. A  system  which  will  meet  all  the  necessities 
of  the  situation  where  the  yearly  amounts  collected 
from  individual  customers  average  from  $20.00  to 
$2,000,  will  not  do  so  when  the  difference  between 
amounts  paid  by  individual  customers  is  from  $20.00 
to  $5,000  per  annum ;  and  with  not  a  few  companies 
this  difference    in   amount   paid  annually,  ranges  from 

29 
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$20.oo  to  $20,ocx>,  and  even  to  two  and  a  half  times 
this  latter  sum  in  special  cases.  It  takes  500  cus- 
tomers paying  annually  $20.00  each  to  equal  one 
customer  paying  $10,000  per  annum.  The  mere 
statement  of  this  simple  arithmetical  calculation  brings 
clearly  to  the  minds  of  practical  central-station 
officials  the  complexity  of  the  problem  they  have  to 
solve,  to  find  a  system  which  can  be  applied  without 
deviation  to  the  various  classes  of  customers.  If  the 
load  factor  on  the  station  is  identical  in  the  case  of 
the  500  customers  and  the  one  customer,  the  differ- 
ence in  investment  in  a  distribution  system  for  the 
500  and  the  one  will  vary  considerably,  and  so  will 
the  cost  of  serving  the  500  as  against  the  one ;  and 
this  difference  in  investment  and  cost  of  serving  can- 
not be  ignored  if  the  $10,000  customer  is  to  be 
offered  a  rate  which  will  keep  him  from  installing  an 
isolated  plant. 

I  confess  that  I  do  not  see  that  in  their  applica- 
tion of  the  **  ideal  method  of  charge,"  recommended 
by  Dr.  Hopkinson,  of  England,  so  long  ago  as  1892, 
either  Mr.  Doherty  or  Mr.  Wallis  have  arrived  at  a 
solution  of  the  problem  in  the  sense  that  I  understand 
they  mean  to  advocate  as  being  essential,  namely,  that 
each  and  every  customer  shall  pay  the  full  and  entire 
cost  which  he  occasions  the  company  serving  him. 

Mr.  Wallis*  **  Forsee  System "  is  sadly  deficient  in 
this  respect,  inasmuch  as  his  plan  of  dividing  the  total 
installation  and  fixed  costs  by  the  capacity  demanded, 
or  to  be  demanded,  fails  to  take  into  account  this 
fact  that  there  is  a  great  difference  in  the  cost  of  a 
distribution  system  for  500  customers  and  for  one 
customer,  and  in  the  cost  of  serving  500  customers  as 
compared  with  one  customer.  Hence,  if  he  were 
obliged  to  figure  with    the  one  customer  on  the  basis 
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of  a  system  for  500  customers,  he  could  not  make  a 
rate  that  would  get  this  business. 

Mr.  Doherty,  through  his  charge  "per  customer," 
in  addition  to  other  charges,  does  provide  for  some 
of  the  difference  which  we  know  a  company  can 
profitably  allow  in  serving  the  two  classes  of  customers 
under  consideration.  He  speaks  of  his  experience  in 
Denver  with  this  method.  To  a  man  up  a  tree,  this 
experience  would  seem  to  be  of  slight  value.  After 
adopting  what  he  figures,  I  presume,  to  be  an  equit- 
able (because  only  adequate  to  cover  all  costs  and 
provide  a  fair  profit)  set  of  charges,  he  reduced  these 
charges  by  a  discount  of  50  and  10  per  cent,  reaching 
thus,  I  infer,  at  once  a  point  where  with  the  great 
bulk  of  his  customers  the  guarantees  they  are  asked 
to  make  are  so  small  that  they  do  not  have  to  give 
them  any  consideration  whatever. 

Almost  any  system  of  rates  which  will  give  a  com- 
pany's customers  more  current  for  the  same  money 
theretofore  paid  by  them,  or  the  same  current  for  less 
money,  always  meets  with  their  approval.  All,  there- 
fore, I  understand  Mr.  Doherty's  system  is  doing  in 
Denver  is  to  allow  him  to  carry  on  his  competitive 
war  on  lines  that  tend  to  increase  the  load  factor  of 
his  station,  so  that  if  there  is  any  profit  per  unit  in 
selling  current  at  the  price  fixed  by  him,  he  gets  all 
there  is  in  the  business. 

So  much  in  the  way  of  criticism.  Now,  what  can 
1  suggest  which  will  be  in  any  way  helpful  towards 
meeting  the  conditions  which  Mr.  Doherty  well  points 
out  do  need  the  combined  attention  of  central-station 
men.  if  we  would  avoid  serious  inconvenience  from 
having  forced  upon  us  by  municipal  authorities  ill- 
advised  and  hurtful  regulations.  Only  this.  I  assume 
that    it   will    be  conceded    by  all   central-station    man- 
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agers  who  have  studied  the  subject,  that  the  cost  of 
service  to  the  consumer  should  be  based  in  the  main 
on  the  hour's  use  of  the  capacity  demanded  by  him, 
and  that  the  tariff  schedule  should  be  proportioned  to 
the  costs.  These  costs  consist  of  those  expenses 
which' are  fixed  and  those  which  are  proportional  to 
the  kilowatt  output.  There  is  diversity  of  opinion 
between  students  of  the  subject  as  to  what  expenses 
are  fixed  and  what  are  proportional  to  the  output. 
Perhaps  the  appointment  of  a  committee  would  result 
in  an  agreement  upon  these  points.  Until  such  an 
agreement  is  reached,  certainly  no  universal  system  of 
tariff  is  possible.  If  such  an  agreement  were  reached, 
it  would  be  found  necessary  probably  to  modify  the 
tariff  schedule  from  the  cost  simply  of  short-hour  and 
long-hour  users  in  order  to  meet  commercial  condi- 
tions. Further,  as  conditions  are  now,  a  central  station 
must  carry  some  connections  at  a  direct  loss.  The 
sentiment  of  the  communities  served  demands  this  at 
the  present  time,  and  a  public-service  company  cannot 
afford  to  get  much  in  advance  of  public  sentiment  in 
adopting  new  methods  if  these  methods  result  in  not 
a  little  inconvenience  to  many  people.  They  must 
first  be  educated  to  the  reasonableness  of  these 
methods,  and  education  requires  time  and  intelligent 
effort. 


E.  F.  PHILLIPS 

The  question  of  flat-rate  lighting  has  never  entered 
into  the  question  of  the  conduct  of  the  business  of 
the  company  with  which  the  writer  is  connected. 
Flat  rates  never  seemed  to  us  just  or  equitable,  and, 
therefore,  appeared  to  be  an  unwise  business  proposi- 
tion,   and    we   have,    therefore,    had    no    trouble   from 
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that  source.  I  think  the  same  idea  was  entertained 
by  much  the  larger  percentage  of  central-station  man- 
agers from  the  inauguration  of  their  plants,  it  only 
obtaining  a  foothold  in  the  smaller  cities  and  towns, 
and  when  forced  upon  others  by  competition. 

Regarding  the  ** uniform-meter  rates"  (which  was 
the  one  first  put  in  practice  by  us),  it  became  evi- 
dent several  years  ago  that  if  we  desired  to  extend 
our  business  to  any  considerable  extent,  or  to  popu- 
larize the  use  of  electricity,  some  reductions  would 
have  to  be  made  or  other  methods  adopted. 

The  first  to  be  tried  was  the  reduction  from  20 
cents  per  kilowatt  hour  to  16  cents.  This  brought 
about  quite  a  considerable  increase  in  the  output',  and 
a  small  increase  in  the  net  revenue,  yet  it  did  not 
cause  much  of  an  influx  of  new  business. 

It  was  then  decided  to  make  a  radical  departure 
in  the  matter  of  rates,  and  a  system  was  adopted 
whereby  the  consumer  was  required  to  pay  at  the 
rate  of  16  cents  per  kilowatt  hour  for  the  first  two 
hours  per  day,  or  60  hours  per  month  of  his  con- 
nected load ;  all  current  used  in  excess  of  this  to  be 
paid  for  at  five  cents  per  kilowatt  hour,  total  bill  to 
be  subject  to  discount  if  paid  within  ten  days  from 
date  of  bill.  This  departure  had  the  effect  of  widen- 
ing out  the  curve  of  the  peak  load  and  brought  quite 
a  noticeable  amount  of  new  business.  The  net  earn- 
ings per  kilowatt  hour  of  output  fell  off  somewhat, 
yet  the  net  earnings  to  the  company  for  the  year 
showed  a  healthy  increase.  During  this  time  the  regu- 
lar rate  for  power  service  had  been  put  at  ten  cents 
per  kilowatt  hour;  this  was  changed  to  ten  cents  per 
kilowatt  hour  for  the  first  30  hours  per  month  per 
kilowatt  connected,  excess  current  at  five  cents  per 
kilowatt   hour.      Within    a   year   the    power   rate    was 
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changed  to  ten  cents  per  kilowatt  for  first  30  hours 
of  **  maximum  demand"  instead  of  **  connected  load." 
This  brought  about  a  very  noticeable  increase  in 
power  service  and  a  corresponding  change  in  the  light- 
load  curve.  In  the  mean  time,  the  two-hour  per  day 
rate  had  been  applied  to  the  residence  service,  and 
produced  general  satisfaction  ;  the  method  pursued  was 
an  arbitrary  one,  and  based  on  the  average  use,  this 
to  form  the  maximum  demand  at  the  i6-cent  rate, 
with  excess  current  at  five  cents,  and  minimum  bill 
of  $1.00  per  month.  The  average  earnings  per  kilo- 
watt output  in  the  residence  district  showed  a  decided 
drop,  yet,  notwithstanding  this  radical  departure,  the 
net  earnings  showed  an  increase,  thus  demonstrating 
that  we  were  on  the  right  track.  This  rate  is  the 
one  still  in  use  for  residences. 

The  next  move  was  the  inauguration  of  the  one- 
year  contract  on  the  **  maximum-demand "  plan,  and 
the  change  to  one  hour  per  day  at  the  sixteen  cents 
per  kilowatt  price,  excess  current  at  five  cents  per 
kilowatt ;  the  maximum-demand  contract,  however, 
to  cover  all  electric  service  used  by  the  customer. 
This  has  proved  the  most  popular  of  any  plan  yet 
inaugurated,  and  is  the  one  in  general  use  by  the 
company  at  the  present  time  for  all  service  except 
residences ;  but  it  is  optional  with  the  customer  as  to 
whether  he  shall  take  the  open  order  at  60  hours 
per  month  of  connected  load  or  30  hours  per  month 
on  maximum  demand.  In  the  case  of  arc-lamp  ser- 
vice, however,  the  customer  is  required  to  take  the 
maximum-demand  contract  for  one  year.  This  maxi- 
mum-demand arrangement  necessitated  the  installation 
of  the  Wright  demand  meter  in  all  cases  where  the 
connected  load  was  known  to  be  in  excess  of  the 
demand.     This  form  of  contract  also  carries  with  it  a 
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minimum  bill  per  month  of  sixteen  cents  per  kilowat 
hour  for  the  first  30  hours  per  month  of  the  maxi- 
mum demand.  In  the  case  of  incandescent  service  or 
combination  service,  the  customer  is  given  the  priv- 
ilege of  stating  his  estimated  maximum  demand,  and 
a  contract  is  written  on  that  basis  with  provision  that 
demand  meter  or  meters  shall  be  installed,  and  should 
the  maximum  demand,  as  indicated  by  the  demand 
meter,  exceed  the  estimated  demand,  the  former  shall 
be  used  as  base  for  amount  of  current  to  be  paid  for 
at  the  high  rate,  and  a  consequent  raising  of  his  min- 
imum rate,  thereby  making  the  fixed  base  automatic 
in  its  operation. 

To  show  how  our  plan  would  compare  with  the 
"Foresee"  system,  I  submit  a  few  examples.  In  the 
case  of  a  customer  whose  connected  load  was  120 
sixteen-candle-power  lamps,  besides  quite  a  number  of 
show-case  lamps,  a  demand  meter  was  installed  which 
showed  a  maximum  of  57  amperes  at  120  volts, 
making  a  maximum  demand  of  6.8  kilowatts  and 
for  30  days  205  kilowatts  as  demand  base.  The 
customer's  consumption  was  742  kilowatt  hours ; 
therefore,  we  have 


205  units  at  i6^ $32  83 

537      "      **     Si' 2687 

$59  70 
Less  155^  discount 8  95 

Net  bill $50  75 


with  minimum  bill  of  $32.83.  From  the  above 
customer  it  can  be  seen  that  the  average  price  for 
current   received    by    the    company    was    .0683.      The 
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same  customer  with  maximum  demand  on  the 
"  Forsee "  system  would  get  the  following  result : 

57  Amp.;  114  i6-cp.  lamps,  approximately. 
114  i6-cp.  lamps  at  $1.50  per  year  =  $171.00  (capacity  charge), 
or  $14.33  per  month. 

Consumption 

742  at  6^ $46  52 

Capacity  charge 14  33 

Giving  a  net  bill  of $60  85 

Average  price  for  current 0806 

In  a  recent  application  for  current  we  found  the 
following  condition :  The  customer  desired  to  use 
125  sixteen-candle-power  lamps  13  hours  per  day,  and 
on  the  yearly-demand  contract  we  should  arrive  at 
the  following  result :  one  hundred  and  twenty-five 
i6-cp.  5owatt  lamps  13  hours  per  day  for  26  days 
would  show  a  total  consumption  of  2,112.5  kilowatt 
hours.  Thirty  days  of  maximum  demand  of  6.2  kilo- 
watts for  one  hour  per  day  would  make  a  base  of 

186  K. W.  hours  at  i6^ $29  76 

1926     **         ••     at    5^ 9630 

Toul $12606 

Less  2% 25  21 

Net  bill  of $10085 

With  minimum  monthly  bill  of  $29.76,  average  price 
the  customer  would  pay  for  his  current  .0477  per 
kilowatt  hour.  The  same  customer  on  t-he  **  Forsee" 
system  would  be  required  to  pay  a  capacity  charge 
of  150  times  $1.50  or  $187.50  per  year  or  $15.62 
per  month,  and  for  his  current  2,112.5  kilowatt  hours 
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at  six  cents,  $126.75;  making  a  total  of  $142.37 
per  month  as  against  $100.85  on  the  demand  contract 
agreement.  Our  plan  was  taken  into  consideration, 
whereas  tbe  amount  that  he  would  have  had  to  pay 
for  his  current  on  the  above  plan  would  have  been 
so  high  that  it  would  have  precluded  the  possibility 
of  our  getting  so  desirable  a  customer. 


ALEX,  DOW 

Mr.  Doherty's  premises  are  correct.  His  deduc- 
tion therefrom  that  the  sale  of  current  at  a  fixed  rate 
per  kilowatt  hour  is  as  inequitable  as  the  sale  of  cur- 
rent at  a  fixed  charge  per  lamp,  is  fully  warranted 
by  the  premises.  His  advocacy  of  the  Kapp  or 
Hopkinson  method,  which  he  has  put  into  effect  at 
Denver  is  reasonable ;  and  I  believe  that  he  is  war- 
ranted in  assuming  that  a  considerable  portion  of  the 
new  business  obtained  by  his  company  is  due  to  the 
method  of  making  the  rate  rather  than  to  the  low 
actual  rate  which  has  been  forced  upon  him  by  com- 
petition. I  appreciate  Mr.  Doherty's  frankness  in 
attributing  the  increase  of  consumption  largely  to  the 
adoption  of  the  lower  rates,  and  not  peculiarly  to  the 
system  of  charging.  In  many  cases,  both  in  the 
United  States  and  Great  Britain,  which  have  been 
recited  as  proofs  of  the  advantage  of  the  differential 
rate,  the  conditions  so  obviously  required  the  adop- 
tion of  a  low  rate  that  the  manner  of  its  adoption 
was  of  comparatively  small  consequence. 

I  am,  however,  of  the  opinion,  after  five  years' 
experience  with  differential  rates,  that  when  a  reduc- 
tion of  rate  is  to  be  made,  it  should  be  made  in  such 
manner  that  the  reduction    will   apply  on  the  business 
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which  is  being  done  at  a  profit,  and  not  on  the  busi- 
ness which  is  being  done  without  profit  or  at  a  loss. 
The  equity  of  the  differential  rate  is  expressed  in  the 
statement  just  made.  The  theory  of  equity  requires 
that  each  kilowatt  hour  sold  shall  bring  a  uniform 
profit  to  the  selling  company.  If  any  current  is 
sold  at  a  loss,  a  higher  margin  of  profit  must  be 
taken  on  the  business  that  is  done  at  a  profit; 
for  it  is  certain  that  the  customers  must  pay  all  the 
expenses  of  a  lighting  company,  whether  these  ex- 
penses be  standing  charges  or  running  charges;  other- 
wise  that  company  is  running  into  bankruptcy. 

Nevertheless,  I  must  recognize  that  the  ideal  ser- 
vice is  that  which  operates  with  constant  load  twenty- 
four  hours  a  day,  and  that  the  ideal  rate  is  that  which 
is  uniform  to  all  users,  regardless  of  the  time  of  day 
or  season  of  the  year.  We,  therefore,  should  take 
advantage  of  every  class  of  load  which  will  straighten 
our  load  curve.  The  straightening  may  be  done  in 
some  cases  by  obtaining  a  day  load  which  is  literally 
a  day-light  load,  and  can  be  switched  oflF  at  dusk ; 
in  other  cases — as  in  New  York — by  linking  together 
districts  whose  periods  of  maximum  load  succeed  one 
another ;  or  possibly  in  the  future,  by  using  such  a 
large  proportion  of  storage  battery  that  the  inequalities 
are  thereby  done  ^way  with.  I  do  not  intimate  that 
any  of  us  can  at  present  so  straighten  our  load  curve 
as  to  warrant  a  uniform  rate.  I  say,  however,  that 
we  should  keep  on  trying  to  do  so ;  that  while  recog- 
nizing the  necessity  and  the  equity  of  the  differential 
rate  under  present  conditions,  we  should  persistently 
endeavor  to  so  modify  these  conditions  that  the 
necessity  for  the  differential  rate  will  ultimately 
disappear. 


443 

Mr.  Doherty  :  I  wish  to  explain  that  we  tried 
to  get  someone  to  outline  the  Kapp  or  Hopkinson 
method,  to  which  Mr.  Dow  refers,  but  we  have  not 
been  able  to  find  anyone  at  this  convention  who  is 
familiar  with  it.  It  seems  there  are  two  systems;  one 
by  Kapp  and  one  by  Hopkinson.  Two  or  three  of 
our  members  know  what  the  Kapp  system  is,  but  we 
can  not  find  anyone  who  knows  about  the  Hopkinson 
system. 

Chairman  Hunt:  I  am  informed  that  Mr.  Arthur 
Williams  has  a  statement  regarding  the  Hopkinson 
method. 

Mr.  Williams:  Before  reading  this  memorandum, 
may  I  explain  that  it  was  written  entirely  from 
memory,  and  if  anyone  finds  me  in  error  I  shall  be 
glad  to  be  corrected.  I  do  not  think  there  are  any 
substantial  errors. 

THE    HOPKINSON    METHOD 

Dr.  Hopkinson,  early  in  his  electrical  career,  recog- 
nized that  the  cost  of  current  as  supplied  commercially 
was  divided,  broadly  speaking,  into  two  elements:  the 
first,  and  by  far  the  larger,  including  those  costs  inci- 
dental to  the  equipment  and  readiness  of  the  plant ; 
the  second,  those  costs  incidental  only  to  the  im- 
mediate generation  of  electric  current.  Interest, 
depreciation,  up-keep  expenses,  the  executive  and  office 
costs,  and,  I  think,  a  certain  portion  of  the  station 
costs,  were  included  under  the  first  heading.  Under 
the  second  were  included  purely  operating  expenses, 
such  as  labor,  supplies  and  repairs,  as  needed  in  the 
actual  production  and  supply  of  the  electric  current. 

Dr.  Hopkinson  recognized  that  each  customer 
subjected  the  company  to  costs  of  the  first  order  in 
direct  proportion  to  the  extent  to  which  an  installation 
was  connected ;   that,   however,  there  were  some  whose 
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use  of  artificial  light  was  so  limited— the  short-hour 
users — that  they  could  not  be  supplied  at  other  than  a 
loss  unless  a  rate  were  adopted  so  high  as  to  be 
unfair  to  other  and  better  favored  users.  He  there- 
fore required  that  each  customer  should  make  two 
forms  of  payment  for  his  service,  corresponding  with 
the  divided  cost  of  production  as  outlined  in  the  fore- 
going. Each  customer  was  compelled  to  pay  a  stipu- 
lated sum  per  annum  (about  $2.50  per  each  i6-cp 
lamp  equivalent  in  our  money,  if  I  remember)  for 
each  unit  of  installation  connected,  and  a  very  small 
sum,  equivalent  to  about  three  cents  j)er  kw-hour,  in 
addition,  for  the  current  actually  consumed.  Thus  he 
planned  as  do  Wright,  Doherty,  and  others,  though  in 
modified  and  original  forms,  to  avoid  giving  any  service 
not  alike  fair  to  the  user  and  profitable  to  the  cor- 
poration. 

Mr.  Doherty  :  Do  I  understand  that  the  charge 
involved  the  capacity  charge  and  the  consumer's  charge  ? 
Mr.  Williams:  A  capacity  charge  based  on  the 
number  of  lamps  connected,  and  a  secondary  charge 
based  on  the  amount  of  current  consumed.  He  first 
put  the  system  into  effect  in  Manchester,  England ; 
he  at  that  time  being  consulting  engineer  of  the 
Manchester  works. 

Mr.  Doherty  :  There  is  a  distinction  between  his 
system  and  mine. 

Mr.  Williams  :  While  the  subject  of  rates  is 
before  the  convention,  I  want  to  suggest  a  method  of 
charging,  which,  in  view  of  what  has  been  said,  I  am 
afraid  will  be  at  the  moment  unpopular.  It  is  the 
adoption  of  a  flat  kw-hour  rate,  without  discount,  for 
all  electric  current  supplied  for  the  works.  A  rate  on 
one  scale  would  be  appropriate  for  retail  or  limited 
users   of   light,  another  designed   for   competition  with 
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isolated  plants  for  the  larger  users  where  the  costs  of 
supply  are  proportionately  less ;  a  third  power  rate  is 
also  desirable,  which  might  be  subdivided,  wholesale 
and  retail.  Power  continues  every  working  day, 
usually  without  variation,  and  can  as  a  rule  be 
furnished  at  less  than  the  cost  of  light. 

We  shall  find,  upon  inquiry,  that  the  conditions 
governing  almost  any  large  undertaking  are  in  principle 
much  the  same  as  those  governing  our  own,  afford- 
ing us  a  perfect  analogy.  The  railroad,  the  hotel  or 
restaurant,  the  dry-goods  store,  the  gas  supply — the  so- 
called  stand-by  charges  are  relatively  very  high  in  all, 
while  the  actual  supply  or  service  charges  are  very 
small.  You  will  find  in  all  that  the  principle  of  the 
flat  rate  has  been  adopted.  It  seems  to  me  that  a 
method  which  attempts  to  divide  the  various  expenses 
incidental  to  supplying  a  customer  with  electric  cur- 
rent is  very  much  like  the  European  method  of  hotel 
charging,  under  which  the  room  is  one  item,  ser\dce 
and  candles  are  others,  and  in  the  restaurant  even 
bread  and  butter  are  separately  charged  for.  Under 
the  American  system  but  one  general  charge  is  made, 
though  one  guest  may  consume  more  light  or  eat 
more  butter  than  another ;  such  conditions  are  covered 
in  general  averages,  and  the  system,  on  the  whole,  is 
much  more  satisfactory.  The  electric  light  business 
should  be  conducted  on  the  same  principle.  The 
Wright  system  is  as  nearly  ideal  as  any  system  can  be 
where  it  is  desired  to  make  an  individual  charge  for 
each  factor  of  service,  and  to  make  an  exact  profit 
out  of  each  user.  This  system  individualizes  the 
generating  or  station  costs  and  averages  the  costs 
incidental  to  the  distribution  of  current ;  it  will  dis- 
tinguish between  the  long-hour  and  short-hour  user, 
and,  therefore,  the  extent  to  which  the  station  machin- 
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ery  is  in  demand,  but  not  between  a  consumer  who 
is  lOO  feet  from  the  works  and  another  who  may  be 
several  miles  away.  Under  any  system  that  attempts 
to  itemize  the  costs  and  to  ensure  the  profits,  the 
customer  next  the  station  is  entitled  to  a  very  much 
lower  rate  than  one  far  distant,  yet  neither  the  Wright 
demand  nor  any  other  system  will  make  any  such 
distinction. 

Our  experience  has  been  that  the  user  of  electric 
light  does  not  know  or  understand  the  unit  charge 
any  more  than  he  knows  the  definition  of  the  unit 
itself.  He  simply  knows  the  amount  of  his  bill 
from  month  to  month  and  what  corresponding  gas  or 
candle  service  would  cost  him.  By  making  the  rate 
low  enough,  he  would  be  more  than  glad  to  use 
electric  light  exclusively,  and  that  is  all  we  can  ask 
anyone  to  do.  It  has  been  maintained  that  there  is 
practically  no  so-called  "one-hour  business"  in  any  city 
on  this  continent,  and  this  opinion  is  sustained  by 
Mr.  Ferguson^s  paj)er,  in  which  he  shows  that  only 
3.65  per  cent  of  his  customers  use  current  less  than 
one  hour  per  day.  The  use  of  light  is  controlled  by 
a  number  of  considerations :  convenience,  cheerfulness 
and  advertising  are  three  of  them.  One  can  hardly 
get  enough  light ;  if  the  price  is  sufficiently  low,  the 
restraint  upon  the  use  is  lessened  and  the  load  curves 
are  bound  to  broaden.  I  think  it  will  be  accepted  as 
true  that  a  high  price  means  a  very  limited  or  low 
average  use ;  a  low  price,  a  liberal  or  high  average  use. 

Different  factors  control  the  use  of  current  for 
power.  Where  electric  power  is  consumed,  its  maxi- 
mum as  well  as  its  minimum  use  is  determined  by  the 
demands  of  the  service.  However  great,  power,  with 
few  exceptions,  constitutes  but  a  small  percentage  of 
the  whole  load  cost   of  any  manufacturing   plant,  and 
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there  is  the  same  incentive  to  use  the  motor  as  to 
keep  the  employees  at  work.  The  two  go  together, 
and  I  think  there  is  nothing  that  we  can  do, 
artificially,  to  stimulate  the  average  use  of  current  by 
our  motors  after  we  have  made  our  prices  competitive 
with  other  methods  of  obtaining  power,  such  as  foot- 
power,  or  the  steam  or  gas  engine. 

Mr.  Wright,  the  inventor  of  the  Wright  demand 
meter,  is  in  charge  of  the  Brighton,  England,  elec- 
tricity works,  and  while  visiting  there  some  three 
years  ago  I  thought  that  the  use  of  electricity  in  that 
city  seemed  more  general,  particularly  in  the  stores  of 
the  intermediate  class,  than  in  any  other  city  that  I 
had  visited ;  yet,  as  a  result  of  several  inquiries  among 
the  poorer  shopkeepers,  I  could  only  learn  that  they 
used  electric  light  because,  while  much  better,  it  cost 
no  more  than  gas  had  previously  cost.  Not  one  of 
the  users  whom  I  saw  seemed  to  understand  the 
method — simply  the  result.  It  would  seem  that  we 
should  place  ourselves  in  the  position  of  making  it  as 
easy  as  possible  for  the  general  public  to  deal  with  us 
and  to  understand  our  methods  and  rates.  Any  system 
that  requires  a  guarantee  from  a  prospective  user  re- 
stricts the  scope  of  the  company's  service,  and  any 
system  that  attempts  to  individualize  the  items  that  go 
to  make  up  the  total  costs,  in  addition  to  being 
understood  with  difficulty,  is  difficult  and  expensive  to 
maintain;  and,  after  all,  the  result,  in  my  judgment,  is 
much  less  satisfactory  and  profitable  than  one  where 
all  those  items  are  covered  in  the  general  charge  and 
one  customer  is  supplied  at  exactly  the  same  rate  as 
another. 

Mr.  Gilchrist  :  I  think  we  will  all  admit  that 
we  have  wished  that  our  business  were  such  that 
a    uniform     price,    as     suggested     by     Mr.    Williams, 
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might  be  charged ;  that  is,  without  even  divid- 
ing it  into  wholesale  and  retail  quantities ;  that 
we  might  manufacture  electricity  as  the  gas  com- 
panies manufacture  gas — to  sell  it  uniformly  at  so 
much  per  unit ;  but  such  is  not  the  case.  I  think 
that  New  York  conditions  may  tend  more  toward 
permitting  that  kind  of  rate  than  the  conditions  of 
any  other  city  or  town  in  this  country.  We  must,  in 
the  opinion  of  most  of  us,  have  a  system  that  will 
charge  a  higher  rate  to  short-hour  consumers  and  a 
lower  rate  to  long-hour  consumers,  on  account  of  the 
station  investment,  which  may  be  the  same  in  both 
cases  although  the  consumption  will  be  very  different. 
That  being  the  case,  it  seems  to  me  that  what  the 
electric-light  companies  want  is  a  system  that  will  take 
care  of  that  in  the  simplest  and  most  automatic  way ; 
and  if  we  can  find  a  system  that  is  automatic  in  its 
workings  and  conforms  in  a  reasonable  degree  to 
varying  conditions  of  the  cost  of  manufacture  of  elec- 
tric current,  we  should  not  hesitate  to  sacrifice  a  small 
percent^e — if  it  be  a  small  percentage — for  the  sake 
of  the  convenience  to  the  customers  and  of  the  auto- 
matic character  of  the  system.  I  should  agree  with 
Mr.  Doherty  if  we  were  absolutely  in  a  monopoly  of 
the  illuminating  business ;  it  would  be  ideal  and  abso- 
lutely equitable  to  charge  every  consumer  a  rate  in 
exact  proportion  to  the  cost  of  producing  his  current ; 
but  in  looking  at  Mr.  Doherty's  system  largely  from 
the  position  of  a  salesman,  I  should  hate  to  under- 
take to  push  the  business  of  the  company  I  repre- 
sent, in  any  such  way  as  we  should  like  to  push  it, 
using  his  system.  I  think  that,  while  electricity  has 
been  before  the  public  for  15  or  20  years  and 
the  public  is  more  or  less  familiar  with  it  as  a 
commodity,     yet    there     is     a     large     class     of     the 
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public   that   knows   electricity  simply  as   it    is   seen    in 
the   restaurants,    theatres  and   public   places.     They  do 
not  know  it  in  their  own  homes,  and  we  must,  for  a 
time  at  least,   conduct   the   extension   of   our   business 
along  educational  lines;   and  we  are  warranted,  in  cer- 
tain   classes    of   business,    in    making    inducements    to 
develop  consumption   along  such  lines  for  the  sake  of 
broadening    the    business.      In    the     Chicago     Edison 
Company  and  the  Commonwealth   Electric   Company, 
of    Chicago,    we    charge    a    minimum    bill    of    $i.oo 
per   month   to   small   consumers.     We   do   not    for    a 
moment  believe  that  where  we  have  a  kilowatt  or  two 
kilowatts*  capacity  connected  and  do  not  get  a  dollar  a 
month  out  of  the  business,  it  is   profitable  business  to 
us;    and   yet,    to    get    business   so   small  that   a   $i.oo 
minimum  bill  is  a  hindrance,  we  have  adopted  the  use 
of  prepayment  meters  with  which  we  ask  no  monthly 
minimum  bill.     We  use  prepayment  meters  more  as  a 
pioneering  scheme  than  anything  else,  putting  them  in 
many   apartments   where,    as    I    say,    we    can    not    get 
people  to  face  a  $12    minimum  charge  per  year.     We 
know  from   exj)erience  that  we   shall  get  a  reasonable 
income — very  much  more  than  that — out  of  them,  and 
we  want  to  get  the  business ;   but  in  order   to  get  it 
quickly,  and   in   order   to   avoid   spending  the  time   of 
our  solicitors  in  going  to  see  these   parties  week  after 
week   to   induce   them    to   take    the    light    on    a    con- 
tract   basis,    we    put    in    the    prepayment    meters.      A 
party   will   bum    30,    50   or    70   cents'   worth    of    light 
per   month.     That  goes  on   for  six   months,  and  then 
we   send  a  man   to   see  the   party  who   has  the  meter, 
and   if  this  low  consumption   is   kept  on  continuously 
and  it  is  apparent   that   the   man   is  simply  making  a 
convenience   of   us,   we   inform   him   that   we   can   not 
afford   to   maintain   our   investment  with  that   income ; 
30 
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out    in    75    per    cent     of    the     cases    we    get    these 
people,    of   their   own    volition,    on    our    regular    rates 
within    a    year     and     they    become     good     customers. 
It     is     very     difficult     to     induce     them     to     assume 
the    exj)ense    at    first — or    what    they     understand    to 
be  the  expense — of  the  electric  light,  and  while  during 
the    first   six    months   or   a   year   they   bum    the   light 
sparingly,  they  gradually  begin  to  look  on  the  electric 
light  more  as  a  necessity  than   as   a   luxury,  and   their 
consumption  increases  greatly,  so  that  a  man  living  on 
the  same  income  to-day  as   he   did   two  or  three  years 
ago  will  j)erhaps  bum  three  times  the  amount  of  elec- 
tricity in  his  house  that   he   did   when    he   first  put  in 
the   light   two   or  three   years   back.     We  have  a  verj^ 
large    number    of    customers,    and    possible    customers, 
who  have  just   about  one  kilowatt   capacity  connected. 
They     are     in     the     smaller     apartments,     which     are 
becoming   extremely   popular    as    places    of    abode    in 
Chicago.     I  figure  on  Mr.  Doherty's   basis,  taking  the 
average   case,  that   these   apartments,  having   about    20 
lamps,    would    be   subject   to   a   consumers   charge    of 
$12  ;    then    add   their   minimum — 20   lamps — at    $1.80 
each,  making  $36  per  year,  and   it   equals  $48.     They 
would  probably  use,  at   five   cents   per  kw-hour,   about 
$10  worth  of  current;  so   that  we  have  $58    j)er   year 
for  that  consumer.     His  consumption  at    20   cents  per 
kw-hour  would  be  about    $37.50,  so  you  see  he  would 
be  paying  on  Mr.  Doherty  s   basis   about  38  cents  per 
kw-hour.     We  shall  get  that  man,  and  his  bills  for  the 
first  year  will  be  about  $30,  as  he  will  use  the  current 
very  sparingly.     We   have  had  difficulty  in  convincing 
him  that  he  should  use  electric  light ;  but  although  we 
have  succeeded    in    convincing   him    that    he    ought  to 
have  it,  it  will  not   do   to   put   him   up   against  $58  a 
year  to   start  with,  because    he    has  been    paying   only 
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$20  for  gas.  He  may  not  be  a  very  good  customer 
the  first  year,  but  as  he  comes  to  consider  electricity  a 
necessity  he  will  become  more  liberal  in  the  use  of  it 
and  will  gradually  work  into  being  a  good  customer. 
Besides  that,  the  business  will  rapidly  spread.  I 
mention  this  as  one  place  where  it  would  be  very 
awkward  to  have  Mr.   Doherty's  rate  in  force. 

As  to  the  users  of  light  not  understanding  the 
Wright  demand  meter.  Anyone  who  has  used  the 
Wright  demand  meter  for  any  length  of  time  and  has 
seen  the  way  in  which  a  customer  will  come  in  and 
question  the  fact  that  his  demand  has  been,  say,  20 
lamps  as  shown  by  the  meter,  and  who  figures  out 
what  the  bill  should  be  upon  his  own  assumption  of 
maximum,  will  see  how  very  quickly  men  who  are 
apparently  not  at  all  intelligent,  but  who,  on  the  con- 
trary, are  rather  obtuse,  will  grasp  the  broad  principles 
of  the  system.  I  have  a  good  many  men  come  into 
the  office  who,  when  I  ask  them  if  they  thoroughly 
understand  the  system,  will  joke  about  it  and  turn  it 
off  and  say  they  do  not ;  but  our  experience  in  dealing 
with  them  has  shown  us  that  such  is  not  the  case,  and 
we  have  been  surprised  to  see  the  ready  way  in  which 
they  grasp  the  principles  of  the  scheme. 

Mr.  Isaac  B.  Smith  (Cedar  Rapids,  la.)  :  In  an- 
swer to  the  gentleman  who  spoke  last,  I  would  say 
ttiat  it  would  not  be  possible  in  some  places  to  take 
on  a  customer  and  determine  whether  he  were  profit- 
able or  not,  and  if  it  developed  that  he  was  not 
profitable  then  advise  him  that  he  must  discontinue 
the  use  of  the  light.  There  are  many  ordinances  that 
provide  that  you  must  furnish  light  to  all  consumers 
on  the  rate  that  the  company  has  adopted.  We  ran  up 
against  that  proposition — I  think  it  was  in  1894 — at  a 
time  when  we  had  a  little  experience  in  selling  light  on 
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a  meter  basis  solely.  We  at  that  time  evolved  the 
principles  that  I  think  are  broadly  outlined  in  both 
Mr.  Doherty's  method  and  in  the  Wright  demand 
method.  I  think,  however,  that  Mr.  Doherty's  method 
is  the  better  one.  I  think,  in  the  first  place,  that  Mr. 
Ferguson  should  have  consumer  expenses  provided  for, 
and  I  think  that  fact  was  brought  out  yesterday  in  the 
discussion  of  the  lamp  question.  A  more  efficient 
lamp  will  reduce  your  capacity  charge  but  increase 
consumer  expenses,  because  you  will  have  to  have 
more  consumers  using  efficient  lamps  to  consume  an 
equivalent  of  current  where  inefficient  lamps  are  used, 
and  that  means  more  expense.  If  we  were  oj)erating 
on  the  Wright  demand  system  in  a  small  town  of 
30,000  inhabitants,  with  broad  streets  and  buildings 
not  so  high  as  they  are  in  large  cities,  with  shade  trees 
very  numerous  and  the  tendency  of  the  people  to  sit 
out  at  night  in  the  summer-lime,  it  would  reduce  the 
summer  load  line  very  materially  from  what  I  know 
the  Chicago  Edison  load  line  to  bo,  and  I  think  a 
manager  will  find  it  necessary  to  anticipate  the  demands 
of  the  station  in  the  month  of  December. 

In  regard  to  Mr.  Williams'  suggestion  as  to  charg- 
ing the  man  who  lives  a  long  distance  from  the 
station  more  than  we  charge  the  man  who  lives  a 
short  distance  away,  that  involves  the  question  of  dis- 
tribution. If  you  are  going  to  charge  me,  because  I 
live  near  the  station,  less  than  you  charge  another 
man  who  lives  further  from  the  station,  the  first  thing 
you  know  there  will  be  another  plant  started  up  in 
the  neighborhood  of  the  man  that  lives  furthest  from 
your  station. 

Mr.  Doherty  says  that  he  requires  his  j)eople  to 
make  contracts  in  order  to  protect  his  station  along 
the  line  of  the  principles  he  has  evolved.     We  started 
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out  to  do  this,  but  waived  the  condition  because  we 
found  that  it  .  was  not  necessary  in  practice.  The 
differential  rate  is  very  simple.  You  have  to  estimate 
the  number  of  burning  lamps  the  consumer  has,  and 
make  two  multiplications  instead  of  one.  You  can 
discount  your  base  rate  or  discount  your  rate  for  cur- 
rent consumed,  or  both,  when  it  is  thought  advisable 
to  offer  lower  rates  for  service.  We  sell  current  as 
low  as  two  cents  per  kw-hour  in  some  cases.  I  ask 
Mr.  Doherty  what  he  does  with  the  transmission 
losses.  Is  that  a  capacity  charge,  or  does  he  consider 
it  to  vary  with  the  generating  expenses? 

Mr.  Ferguson:  May  I ,  ask  you  to  explain  the 
system  you  have? 

Mr.  Smith  :     I  call  it  the  Doherty  system. 

Mr.  F.  Ellwood  Smith  (Somerville,  Mass.) :  I 
have  been  interested  in  the  Doherty  method  from  the 
time  Mr.  Doherty  introduced  it,  and  also  in  the 
method  advocated  by  Mr.  Wallis.  I  have  studied 
them  both,  and  have  been  interested  in  the  discussions 
that  have  taken  place  here ;  but  I  am  glad  to  hear 
what  Mr.  Williams  has  said.  I  have  been  tending 
toward  the  same  opinion  he  has  expressed :  that  the 
more  simple  we  can  make  the  purchase  of  our  light  to 
our  customers,  the  better  it  will  be ;  that  our  business 
is  an  average  business,  and  that  we  should  not  try  to 
make  each  individual  consumer  pay  for  all  the  ex- 
penses occasioned  by  him.  I  think  we  shall  gain  in 
the  end  if  we  make  a  flat  rate  which,  by  employing  a 
proper  system  of  discounts,  can  be  reduced  to  the 
different  customers  according  to  the  quantity  each 
uses.  The  table  of  discounts  can  be  extended  as  far 
as  may  be  necessary.  I  believe  that  the  more  simple 
we  can  make  the  business  for  the  customer,  treating  it 
as  an  average  business,  the  better  it  will  be  for  all 
concerned. 
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M  R.  E.  A.  Leslie  (Brooklyn)  :  I  have  been  asso- 
ciated with  the  electric-lighting  business  for  a  good 
many  years  in  an  administrative  and  executive  capacity 
and  I  recollect  that  in  the  early  days,  back  in  1889, 
when  I  first  joined  the  ranks,  the  question  of  rates 
was  one  of  the  most  perplexing  problems  with  which 
the  electric-light  men  of  that  day  had  to  contend. 
The  business  of  electric  lighting  is  very  different  from 
most  commercial  enterprises.  The  question  of  supply- 
ing the  largest  possible  amount  of  his  product  at  any 
given  time  of  day  does  not  confront  the  average  busi- 
ness man,  and  therefore  he  does  not  have  to  take  it 
into  account ;  but  that  is  one  of  the  most  important 
features  of  the  electric-light  business,  and,  consequently, 
ever  since  we  have  gone  into  the  business  of  commer- 
cial lighting,  that  peculiar  feature  has  been  one  of  the 
most  important  factors  with  which  we  have  had  to  deal, 
and  it  bears  not  only  upon  the  subject  of  engineer- 
ing, but  upon  rates  as  well.  Now,  I  do  not  know 
whether  or  not  you  all  appreciate  the  fact  that  Mr. 
Edison  was  the  pioneer  in  rate-making.  Possibly  you 
do.  I  understand  from  the  old  Edison  electric-light 
people  of  New  York,  where  the  first  central  station  in 
the  world  was  established,  that  Mr.  Edison,  when  he 
decided  upon  the  basis  of  rate,  sat  down  and  figured 
on  the  then  cost  of  gas,  $2.50  per  thousand  feet,  the 
burner  in  use  at  that  time  consuming  between  three 
and  *  four  feet  per  hour,  and  a  very  poor  burner  it 
was.  He  took  gas  at  $2.50  per  thousand  feet  and 
divided  the  price  by  four,  and  brought  out  the  fact 
that  1,000  feet  of  gas  at  $2.50  would  be  equivalent  to 
a  i6-cp  lamp  at  a  cent  an  hour;  but  because  the  gas 
burner  ranged  between  three  and  four  feet  per  hour 
and  gave  on  an  average  14  candle-power  as  against 
the   16  candle-power   of   the    Edison   lamp,  he  charged 
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slightly  in  excess  of  one  cent,  saying  that  with 
the  advantages  of  electric  light  over  gas  we  could 
surely  assume  to  charge  at  least  as  much  as 
the  gas  companies  received ;  and  that  was  the 
basis  of  the  first  electric-light  rating  in  the  world. 
That  rate  was  about  20.2  cents  per  kw-hour — a  little 
over  one  cent  per  lamp-hour.  Now,  as  the  busi- 
ness increased,  the  gas  rates  declined,  and  it  was 
not  long  before  electric-light  rates,  instead  of  being 
upon  a  par  with  gas  rates,  were  sensibly  higher,  and 
in  order  to  develop  our  business  we  had  to  dwell  par- 
ticularly upon  the  advantages  of  electric  light  to  induce 
the  people  to  take  it  instead  of  gas,  because  of  the 
greater  expense.  The  gas  people  solved  their  rates 
long  ago ;  the  gas  holder  helped  them  to  do  it  Take 
the  great  plants  in  New  York,  Chicago,  Boston  or 
Philadelphia,  or  any  of  the  large  cities,  and  the  gas 
companies  at  this  time  of  the  year  are  probably  work- 
ing with  one  shift,  and  with  that  one  shift  they  put 
enough  gas  into  their  holders  to  supply  the  service  for 
24  hours  per  day.  Later  on,  in  the  fall,  when  they 
need  a  larger  output,  they  may  run  two  shifts,  with- 
out increasing  their  generating  apparatus,  and  in  that 
way  serve  the  public  to  the  extent  of  the  demand. 
In  mid-winter  they  may  possibly  run  their  plants  24 
hours  per  day.  Hence,  it  is  clear,  I  think,  that  gas 
companies  are  justified  in  charging  a  fixed  amount  per 
unit  of  gas  delivered,  because  of  their  simple  operating 
problem. 

There  are  three  great  points  that  bother  electric- 
light  men.  The  first  is  the  matter  of  rates,  to  which  I 
have  given  the  preference ;  the  others  are  the  expenses 
and  the  gathering  in  of  the  business.  To  my  mind, 
the  gathering  in  of  business  is  of  first  importance, 
although    it    may    require    less    of    the    executive    and 
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managerial  time  than  either  of  the  other  divisions. 
We  know  that  when  we  can  get  star  performers,  such 
as  are  present  in  the  room  at  this  time,  and  say  to 
them,  **Go  out  and  get  the  business,"  they  will  go 
out  and  get  it,  and  it  will  roll  in  over  the  counter  and 
puzzle  the  engineering  departments  to  keep  pace  with 
it.  In  some  of  the  great  centres  of  the  country  the 
engineering  departments  have  not  been  able  to  keep 
up,  but  are  distinctly  behind.  Their  operating  ex- 
penses are  increased  by  reason  of  the  fact  that  they 
have  not  been  able  to  keep  pace  with  the  demand. 
I  remember  distinctly  that  in  my  earlier  days  the  ex- 
penses were  rather  a  negligible  quantity ;  that  if  we 
got  in  a  big  lot  of  business,  the  fact  that  our  expenses 
were  creeping  up  larger  in  proportion  than  the  actual 
growth  of  the  business,  did  not  seem  to  be  appre- 
ciated. I  must  say,  with  respect  to  myself,  that  it 
was  a  trip  to  Europe  some  years  ago  that  opened  my 
eyes  in  that  respect.  I  found  that  over  there  they 
made  the  expenses  of  the  company  the  subject  of 
more  careful  study  and  consideration  than  any  other 
feature  of  their  business,  so  that  whatever  their  gross 
income,  their  net  income  should  represent  the  largest 
possible  amount  that  they  could  save ;  they  were 
economical — that  was  the  great  point. 

I  think  these  discussions  on  rates,  which  have  been 
going  on  since  1889,  and  possibly  longer,  are  due,  as  I 
said  before,  to  the  peculiar  nature  of  our  business.  We 
can  not  say — any  of  us — that  we  can  make  a  rate  that 
will  be  the  available  rate  for  any  city  in  the  United 
States  or  any  other  country.  We  find  that  Mr.  Insull, 
in  Chicago,  will  disagree  with  Mr.  Murray,  in  New 
York,  on  some  feature  of  the  rate  question,  and  Mr. 
Edgar,  of  Boston,  will  in  turn  disagree  with  both  on 
certain   features,   while    Mr.    Doherty,   of    Denver,   will 
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possibly  disagree  with  all  the  rest  of  them  on  other 
features ;  so  this  rate  question  can  not  be  cleared  up 
to-day  by  any  one  man  in  this  business.  If  a  man 
could  clear  up  this  question,  I  should  be  inclined  to 
rank  him  with  the  great  geniuses  that  this  magnificent 
industry  has  produced.  I  contend  that  until  our  en- 
gineering problems  get  along  to  a  point  where  we  are 
more  nearly  on  the  same  basis  with  the  gas  business, 
there  is  not  one  of  us  who  can  say  what  should  be 
the  **  universal "  rate.  Nevertheless,  I  appreciate  the 
fact  that  these  discussions,  and  these  schemes  that  are 
brought  out  from  time  to  time,  are  productive  of  good 
and  will  eventually  solve  the  problem. 

Chairman  Hunt:  We  will  close  this  discussion 
by  calling  on  Mr.  Ferguson,  Mr.  Wallis  and  Mr. 
Doherty. 

Mr.  Ferguson  :  I  think,  gentlemen,  that  it  is 
too  bad  that  this  association  can  not  rise  beyond  the 
dark  ages.  I  think  I  have  heard  arguments  to-day 
that  put  us  back  fifteen  or  twenty  years  in  the  busi- 
ness. We  have  one  of  our  members  coming  here  and 
advocating  a  uniform  price  to  all.  That,  gentlemen, 
is  carrying  us  back  fifteen  or  twenty  years.  We  have 
been  struggling  for  ten  years  to  get  beyond  it.  We 
have  worked  gradually ;  the  rate  methods  of  to-day 
are  matters  of  evolution.  We  have  shown  the  gas 
people  that  their  method  is  wrong.  All  you  have  to 
do  is  to  look  into  any  of  the  cities  of  the  country 
and  see  to  what  the  gas  business  has  been  forced.  It 
has  been  driven  from  the  centres  of  the  cities  to  the 
outside  sections.  Why?  Because  of  the  variable  rates 
made  by  electric-light  companies.  Are  we  going  back 
again  to  the  point  where  we  were  fifteen  years  ago, 
with  our  1.2  cents  per  lamp-hour,  or  are  we  going  to 
progress  as  we  have  done  for   the    last    ten    years?     I 
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said  in  my  printed  discussion  that  the  production  and 
sale  of  electricity  diflfered  from  those  of  any  other 
business  in  that  the  electric-light  company  must  manu- 
facture its  product  only  as  it  is  required,  and  it  can 
not  be  commercially  stored.  I  do  not  say  that  with 
any  intentipn  of  belittling  the  storage  battery,  but  the 
storage  battery  is  not  like  a  gas  holder  in  its  relation 
to  electricity.  It  is  a  diflferent  proposition,  conse- 
quently the  company's  plant  and  mains  must  be  gov- 
erned by  the  maximum  demand  on  them  at  any  one 
time.  Another  strong  point  against  the  advocates  of 
uniform  price  is  this  fact :  the  customers  will  not  wait 
for  the  supply,  and  can  not  be  prevented  from  taking 
it  when  they  desire  it.  If  you  go  into  a  large  mer- 
cantile establishment  and  buy  five  dollars*  worth  of 
goods,  you  do  not  get  the  goods  immediately ;  you 
have  to  wait  until  the  merchant  is  ready  to  deliver 
them.  If  you  want  electric  light  in  this  room,  as  we 
want  it  at  this  moment  (the  lights  in  the  room  were 
at  this  instant  turned  on),  the  light  is  turned  on ;  and 
the  station  does  not  control  it — ^you  get  it  immedi- 
ately. A  further  claim  that  I  have  made  regarding  a 
uniform  price  is  that  it  is  unjust;  it  is  unlawful,  and 
I  think  that  it  can  be  so  proven.  I  have  before  me 
legal  decisions  on  this  point.  Mr.  Williams  advocated 
two  uniform  rates ;  one  for  large  consumers  and  an- 
other for  small  consumers.  I  can  prove  by  several 
cases  that  this  is  unjust  discrimination.  The  decision 
in  the  case  of  the  I.  C.  R.  R.  Co.  v.  People,  121 
111.  310,  says,  **  Discrimination  based  upon  the  quantity 
of  service  is  just,  when  the  discrimination  is  made 
proportionate  to  the  decreased  cost  per  unit  of  per- 
forming the  larger  service."  A  decision  in  Hays 
V.  Penn.  Company,  12  Fed.  309,  says,  **  But  discrim- 
inations    based     solely    upon     the     quantity     of     ser- 
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vice,  without  any  reference  to  conditions  tending  to 
decrease  the  cost  of  the  service,  are  unjust."  There 
is  a  justification  for  variable  rates  and  equitable  tariflf, 
such  as  Mr.  Doherty  recommends  and  such  as  the 
Wright  demand  system  recommends.  These  two  sys- 
tems are  so  similar  that  you  can  hardly  tell  them 
apart,  as  there  is  no  diflference  in  the  principles  under- 
lying both  methods ;  the  only  diflference  is  in  their 
application.  In  defense  of  the  legality  of  the  variable 
tariflf,  such  as  Mr.  Doherty  recommends  and  the 
Wright  demand  system  recommends,  I  will  read  part 
of  the  decision  from  Smythe  v.  Ames,  169  U.  S. 
466 :  **  Neither  the  state  nor  the  city  can,  however, 
prescribe  such  charges  as  will  not  admit  of  the  com- 
pany earning  such  compensation  as,  under  all  the 
circumstances,  is  just  to  it  and  to  the  public,  as  by  so 
doing  they  would  deprive  the  company  of  its  property 
without  due  process  of  law,  and  deny  to  it  the  equal 
protection  of  the  fourteenth  amendment  to  the  Con- 
stitution of  the  United  States.  It  is  for  the  courts  to 
determine  ultimately  whether  such  charges  are  reason- 
able." The  following  citations  are  from  Hutchinson 
on  Carriers,  Section  302,  and  are  supported  by  a  large 
number  of  decisions :  **  It  is  a  rule  of  the  common 
law  that  parties  carrying  on  business  which  is  public 
in  its  nature,  or  which  is  impressed  with  a  public  in- 
terest, can  not  select  their  patrons  arbitrarily,  but  must 
serve  all  who  apply  on  equal  terms  and  at  reasonable 
rates."  And  further:  **This  rule  does  not  necessarily 
mean  that  there  must  be  absolute  uniformity  of  rates 
in  all  cases.  It  simply  requires  that  there  shall  be  no 
unreasonable  and  hence  no  unjust  discrimination.  It 
only  becomes  such  when  discrimination  is  made  in 
the  rates  charged  for  goods  of  the  same  class  under 
like  circumstances  and  conditions." 
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Mr.  Wallis:  There  is  but  one  wholesale  and 
retail  method  that  will  apply  to  this  business,  and  that 
is,  not  the  quantity  of  current  consumed  by  any  cus- 
tomer, but  the  hours*  use.  Minimum  hours*  use  is 
retail,  and  maximum  hours*  use  is  wholesale.  It  is  not 
necessary  for  me  to  say  this;  you  all  know  it.  Many 
people  advocate  giving  customers  a  discount  according 
to  current  used,  regardless  of  how  it  is  used.  A  man 
using  100  lights  one  hour  per  day,  at  one  cent  per 
hour,  will  pay  $1.00  per  day,  or  $30  per  month. 
Another  man  using  10  lights  10  hours  per  day,  at 
one  cent,  will  pay  $1.00  per  day,  or  $30  per  month. 
Now,  if  you  give  them  the  maximum  discount  of, 
s^y»  50  p^^r  cent,  they  will  each  pay  you  $15  per 
month.  I  have  had  all  I  want  of  that.  I  am  satis- 
fied with  my  plan  in  my  territory ;  it  has  increased  my 
business  and  my  net  income.  My  plan  does  not  differ 
essentially  from  Mr.  Doherty*s,  nor  does  it  differ  very 
much  from  the  Wright  demand.  The  Wright  demand 
system,  as  it  was  introduced  to  me  before  I  operated 
upon  it,  called  upon  the  consumer  to  pay  for  a  certain 
number  of  hours,  according  to  his  demand,  whether  he 
used  the  current  or  not.  That  seems  to  me  unjust, 
and  to  a  certain  extent  illogical.  I  understand  that 
the  Chicago  company  does  not  do  that ;  neither  did  I ; 
I  could  not.  I  increased  my  customers'  bills  after  I 
told  them  I  had  a  scheme  to  give  lower  prices.  I 
found,  further,  that  the  Wright  demand  meter  and 
system  did  not  apply  to  short-hour  consumers,  and  did 
not  make  long-hour  consumers  out  of  short-hour  con- 
sumers. I  argued  the  Foresee  plan  before  the  Gas  and 
Electric  Light  Commissioners  of  Massachusetts,  and 
compared  my  plan  with  the  Wright  demand,  and  I 
pointed  out  wherein  my  plan  was  more  equitable  than 
the    Wright    demand.      The    Wright     demand     meter 
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caused  a  great  amount  of  dissatisfaction  among  our 
customers,  because  they  were  not  maximum  users  of 
current  but  might  be  maximum  users  of  capacity;  and, 
as  a  result,  when  their  consumption  exceeded  so  many 
hours'  use  of  the  demand  they  earned  a  discount,  and 
when  it  did  not  exceed  the  demand  we  did  not  get 
the  return  our  contract  called  for  by  the  Wright  prin- 
ciple and  plan.  I  do  not  think  I  care  to  take  more 
of  your  time.     I  thank  you. 

Mr.  Doherty  :  I,  like  the  gentlemen  who  have 
preceded  me,  wish  to  take  as  little  time  as  possible. 
I  will  first  briefly  answer  some  points  brought  up  by 
Mr.  Ferguson.  I  fear  the  conditions  in  New  York 
and  Chicago  do  not  give  a  man  such  scope  for  rate- 
making  as  those  existing  in  western  central  stations. 
The  long-hour  use  in  Chicago  is  due  entirely  to  local 
conditions.  We  get  none  of  that  in  the  small  western 
cities  with  wide  streets  and  clear  skies  and  conditions 
of  that  kind,  which  do  not  exist  in  Chicago.  Mr. 
Ferguson  says  that  he  must  not  charge  more  than  20 
cents  per  kw-hour;  yet  he  brings  up  a  legal  decision 
very  similar  to  one  I  was  going  to  quote  (and  it  is 
similar  to  many  other  cases),  in  which  the  court  held 
that  no  concern  is  compelled  to  furnish  service  at  a 
loss.  In  my  own  mind,  if  they  contract  to  furnish, 
they  will  perhaps  have  to  carry  it  out ;  but  I  do  not 
think  we  can  be  compelled  to  furnish  electric  service 
at  a  loss.  When  a  man  puts  in  his  own  isolated  plant, 
he  has  to  fix  his  demand  five  or  six  years  in  advance ; 
and  if  he  can  fix  it  for  himself,  I  can  not  see  why 
he  can  not  fix  it  when  he  makes  a  contract  with  a 
central  station. 

I  have  no  criticism  to  oflFer  upon  Mr.  Wallis*  sys- 
tem. I  should  have  mentioned  that  in  Mr.  Ferguson's 
system   the  same  consumption  per  yearly  demand  may 
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cause  one  man  to  pay  more  than  another,  although 
the  conditions  are  just  the  same;  that  is,  in  taking  a 
monthly  demand  you  can  not  make  the  Wright  de- 
mand system  entirely  fair,  and  therefore  you  must 
take  the  maximum  yearly  demand ;  that  is  what  you 
must  settle  upon.  I  wanted  to  have  quite  an  argu- 
ment with  Mr.  Ferguson,  but  if  it  comes  down  to 
the  point  where  we  must  consider  whether  we  will 
have  the  two-rate  system  or  the  uniform-rate  system, 
there  can  be  no  quarrel  between  us,  as  any  system  is 
better  than  the  uniform  kw-hour  system.  I  think  the 
uniform  system  can  hardly  be  classed  as  anything  less 
than  absurd.  I  object  to  the  system  of  Mr.  Wallis, 
because  he  does  not  diflferentiate  between  the  capacity 
used  by  several  consumers  and  that  used  by  one  con- 
sumer. 

In  answer  to  Mr.  Smith,  I  will  say  that  the  re- 
sistance loss  is  taken  care  of,  I  think,  in  my  capacity 
charge,  which  you  will  find  outlined  in  the  paper  that 
I  read  before  the  1900  convention.  You  can  not 
place  it  exactly  right ;  but  there  is  no  reason,  if  it 
can  not  be  exactly  right,  why  we  should  say  let  us  be 
all  wrong.  I  have  been  interested  in  both  the  gas 
business  and  the  electric-light  business  for  a  period  of 
twenty  years.  The  main  argument  is  that  because  the 
gas  companies  are  wrong,  we  should  be  wrong.  That 
is  a  poor  argument.  Within  five  years  every  gas 
company  in  this  country  will  be  convinced  that  the 
uniform  rate  of  charging  is  the  wrong  rate,  though 
their  conditions  permit  it  to  a  greater  degree  than 
any  other  business  of  a  similar  character.  At  the 
Ohio  gas-light  convention  held  in  March,  many  of 
the  leaders  in  the  gas  business  agreed  that  a  uniform 
rate  was  wrong — that  it  did  not  develop  the  business 
and  that  it  was   not   equitable ;   and   the    fact   remains 
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that  every  electric-light  company  in  this  country  is 
practically  supported  by  those  who  were  formerly  the 
gas  companies*  consumers.  Mr.  Williams  says  there 
is  absolutely*  no  such  thing  as  consumers  who  use  less 
than  one  hour  per  day  on  an  average. 

Mr.  Williams  :     A  very  small  percentage. 

Mr.  Dohertv  :  In  Denver,  the  users  who  average 
less  than  one  hour  per  day  are  34.1  per  cent.  Of  the 
users  of  light  in  Quebec,  60  per  cent  use  less  than  50 
minutes  per  day.  In  Madison,  Wisconsin,  40  per  cent 
use  less  than  one  hour  per  day.  These  figures  are 
approximately  exact ;  the  Denver  figures  are  exactly 
right.  Mr.  Gilchrist  objects  to  my  system  from  the 
standpoint  of  the  salesman.  I  do  not  see  the  diffi- 
culty ;  I  say  to  a  customer :  **  You  know  what  the 
flat  rate  is;  if  your  bills  are  $5.00  per  month  and  no 
more,  you  understand  it."  We  tell  the  people  that  we 
will  serve  them  at  $5.00  a  month,  and  whatever  current 
they  use  will  be  at  five  cents  per  kw-hour  additional. 
We  have  difficulty  in  getting  an  unprofitable  customer 
to  pay  enough  to  make  him  profitable,  and  we  do  not 
want  him  if  we  can  not  get  him  on  these  rates ;  not 
exactly  on  these  rates,  but  on  these  rates  if  we  could 
apply  this  system  universally.  It  is  not  possible,  be- 
cause we  have  not  educated  the  people  aright,  and  we 
can  not  make  a  revolution  in  a  day.  Our  customers 
like  the  system.  The  $i.oop)er-month  minimum  charge 
is  inequitable.  Take  a  consumer  with  one  lamp ;  that 
man  is  paying  $1.00  minimum  per  lamp  per  month. 
Take  the  man  with  800  lamps  (I  have  a  case  where 
there  is  a  big  factory  with  800  lamps),  and  if  you 
give  him  a  charge  of  $1.00  per  month  as  a  minimum, 
he  is  paying  one-eighth  of  a  cent  per  lamp  per 
month ;  and  yet  that  particular  factory  uses  light  only 
a    portion    of    December    and    all    of    November,    as. 
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owing  to  the  peculiar  conditions  under  which  they 
run,  they  need  no  light  at  other  times ;  and  when 
they  use  it,  it  is  only  for  a  short  time  each  day. 

Chairman  Hunt:  Befoie  we  proceed  to  the  next 
papers,  we  will  hear  the  report  of  the  committee  on 
resolutions. 

Mr.  Davis:  The  chairman  of  the  committee  is 
absent,  but  the  committee  has  drawn  up  some  resolu- 
tions, which  I  will  present.  We  hop)e  no  one  has 
been  overlooked.  If  anyone  has  been  overlooked,  we 
shall  be  glad  to  have  our  attention   called  to  the  fact. 

REPORT    OF    THE    COMMITTEE    ON    RESOLUTIONS 

Gentlemen  :  Your  committee  on  resolutions  begs 
to  oflfer  the  following  : 

Resolved,  That  we  extend  to  our  retiring  president, 
Mr.  Henry  L.  Doherty,  and  the  other  officers  of  the 
association,  to  the  members  of  the  executive  committee, 
and  also  to  the  assistant  secretary  and  treasurer,  our 
hearty  thanks  for  the  able  and  efficient  manner  in 
which  they  have  discharged  the  duties  that  have 
devolved  upon  them  ; 

That  the  thanks  of  the  association  be  also  ex- 
tended to  the  ladies*  reception  committee,  which  has 
so  pleasantly  entertained  the  visiting  ladies  of  the 
convention.  Also  to  General  Hickenlooper  for  his 
cordial  address  of  welcome;  to  the  Cincinnati  Gas  and 
Electric  Company,  the  Cincinnati  Street  Railway  Com- 
pany, the  Bullock  Electric  Manufacturing  Company, 
and  the  Itannicnic  Club,  for  the  courtesies  received 
from  these  various  organizations,  all  of  which  have 
been  much  appreciated  and  enjoyed  by  our  members; 

That  the  thanks  of  the  association  be  extended 
to  the  daily  press  of  Cincinnati  for  the  very  com- 
plete and  accurate  reports  that  they  have  published 
of  the  proceedings   of   the   convention ;    to  Dr.  F.  A. 


Wolflf,  of  the  National  Bureau  of  Standards  of  Wash- 
ington, for  his  interesting  address,  and  to  the  gentle- 
men who  have  prepared  the  various  papers  and  answers 
to  questions  that  have  been  read  at  this  convention, 
which  have  been  so  instructive ;  also  to  the  several 
companies  and  their  representatives  who  have  contrib- 
uted so  much  to  the  success  and  value  of  this  meet- 
ing   by   their    exhibits    and    their   participation    in    the 

discussions. 

Respectfully  submitted, 

(  A.  M.  Field,   Chairman, 
Committee,    •<  W.   P.  Conover,  Jr., 

I  Ernest  H.  Davis. 

(The  report  was  unanimously  adopted.) 


report  of  the  committee  on  memorials 

Gentlemen  :  Your  committee  on  memorials  begs 
to  present  the  following  resolutions: 

Whereas,  The  National  Electric  Light  Associa- 
tion, in  annual  convention  assembled  at  Cincinnati, 
Ohio,  May,  1902,  has  placed  on  record  with  deep 
regret  the  death  of  Mr.  Frederick  A.  Gilbert,  presi- 
dent and  general  manager  of  the  Boston  Electric 
Light  Company,  and 

Whereas,  Mr.  Gilbert  was  formerly  vice-president 
of  the  association,  and  was  always  interested  in  its 
success  and  welfare,  it  is  hereby 

Resolved,  That  it  becomes  the  association  to  ex- 
press its  sense  of  the  loss,  to  itself  and  to  the  elec- 
trical arts,  of  this  big-hearted,  enterprising  leader  of 
men,  who  was  always  willing  to  aid  his*  associates  in 
the  time  of  their  need,  and  who  was  distinctly  of  the 
type  of  men  who  have  made  electrical  applications  a 
success  in  America ;  and  it  is  further 
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Resolved,  That  the  secretary  of  the  association  be, 
and  hereby  is,  instructed  to  convey  to  Mr.  Gilbert's 
family  and  associates  these  heartfelt  sentiments  of 
sympathy  and  loss,  and  that  they  be  duly  entered  in 
the  minutes  of  the  association. 


Whereas,  The  National  Electric  Light  Associa- 
tion, in  convention  assembled  at  Cincinnati,  Ohio,  in 
May,  1902,  has  learned  with  regret  of  the  death  of 
General  C.  C.  Howell,  vice-president  and  general 
manager  of  the  Knoxville,  Tennessee,  Electric  Light 
and  Power  Company,  and  a  member  of  the  executive 
committee  of  the  association,  be  it 

Resolved,  That  the  association  place  on  record  its 
sense  of  loss  and  its  deep  appreciation  of  the  valuable 
and  untiring  eflforts  of  the  deceased  in  its  behalf  dur- 
ing a  business  career  which  exhibited  him  also  as  an 
able  and  broad-minded  citizen  of  Knoxville ;  and  be 
it  further 

Resolved,  That  the  secretary  of  the  association  be, 
and  hereby  is,  instructed  to  convey  its  sympathy  and 
regrets,  with  the  above  sentiments  of  esteem,  to  Gen- 
eral Howeirs  family  and  friends  and  to  the  Knox- 
ville press ;  and  that  they  be  duly  recorded  in  the 
minutes  of  the  association. 

Whereas,  The  National  Electric  Light  Associa- 
tion, in  annual  convention  assembled  at  Cincinnati, 
Ohio,  May,  1902,  has  received  the  sad  news  of  the 
death  of  Mr.  George  B.  Neal,  one  of  the  familiar  at- 
tendants at  its  meetings  and*  a  valued  member,  it  is 
hereby 

Resolved,  That  the  association  express  its  regret  at 
missing  from  its  gatherings  the  face  and  voice  of  one 
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who  contributed  so  much  to  its  success  and  who  was 
ever  ready  with  time,  money  and  ideas  to  help  in  its 
work ;  and  be  it  further 

Resolved,  That  the  secretary  of  the  association 
record  these  resolutions  on  the  minutes  and  convey 
them,  with  appropriate  sentiments  of  sympathy,  to  the 
family  and  friends  of  the  deceased  member. 


Whereas,  The  National  Electric  Light  Associ- 
ation, in  annual  convention  assembled  at  Cincinnati, 
Ohio,  May,  1902,  has  learned  of  the  death  of  Mr.  S. 
S.  Sias,  a  valued  member  of  the  organization,  it  is 
hereby 

Resolved,  That  the  deep  regret  of  the  association 
be  expressed  at  the  loss  of  this  quiet  and  earnest 
worker,  one  of  those  whose  united  eflforts  made 
possible  the  success  of  the  association  and  the  spread 
of  its  influence ;  and  be  it  further 

Resolved,  That  the  secretary  of  the  association  be, 
and  hereby  is,  instructed  to  record  these  resolutions  in 
,the  minutes  of  the  association  and  to  convey  them  to 
the  family  and  friends  of  the  deceased  member. 

Respectfully  submitted. 


r 


Committee,    X 


V 


Ernest  H.  Davis,  Chairman, 
F.  Ellwood  Smith, 
Henry  M.  Moses, 
W.  E.  MooRE. 


(The  report  was  unanimously  adopted.) 


Mr.    J.    F.    Dusman,    of   York,    Pennsylvania,    pre- 
sented the  following  resolutions : 

Resolved,   That    the    association     accept    the    third 
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progress  report  of  the  committee  for  investigating  the 
photometric  value  of  arc  lamps,  as  read  by  Professor 
Matthews ; 

Resolved,  That  the  same  committee  be  continued^ 
if  possible,  and  if  not,  that  another  committee  be 
appointed  by  the  president  to  continue  this  work  ; 

Resolved,  That  a  vote  of  thanks  be  extended  by 
this  association  to  Professor  Matthews  for  the  most 
excellent  developments  and  investigations  shown  by 
this  report,  and  that  the  association  request  Pro- 
fessor Matthews,  through  its  committee,  to  continue 
these  investigations  through  the  following  year. 

(On  motion,  the  resolutions  were  unanimously 
adopted.) 

The  Secretary  :  The  question  of  what  action 
should  be  taken  in  regard  to  the  action  of  the 
National  Board  of  Fire  Underwriters,  has  been 
brought  up,  and  the  executive  committee  has  adopted 
the  following  resolution,  which  is  presented  to  you  : 

Resolved,  That  the  amendment  to  the  National 
Electrical  Code  proposed  by  members  of  the  Under- 
writers' National  Electric  Association,  and  now  being 
considered  by  the  American  Institute  of  Electrical 
Engineers,  limiting  the  difference  of  potential  in  all 
overhead  alternating  circuits  to  3,500  volts,  is  uncalled 
for  and  should  not  be  adopted.  Good  and  safe  con- 
struction, rather  than  a  limitation  of  voltage,  is  what 
should  be  insisted  upon  for  all  overhead  electric  lines. 

(On  motion  of  Mr.  Doherty,  the  resolution  was 
unanimously  adopted.) 


Chairman  Hunt  :     We  will  now  hear   the    papers 
on  **  Hot-Water  versus  Steam  Heating." 


HOT-WATER  VS.  STEAM   HEATING 


J.  F.  PORTER 

Our  heating  plant  was  constructed  and  placed  in 
operation  in  October  and  November,  1899.  We  at 
first  constructed  about  3,000  feet  of  mains  and  con. 
nected  therewith  the  business  houses  to  which  we 
had  run  the  lines.  The  satisfaction  of  our  customers 
was  such  that  during  the  following  year  we  extended 
our  lines  to  the  residence  district,  which  is  situated 
on  the  hill  above  the  business  portion  of  the  town. 
Our  present  expansion  tank  is  located  on  a  high 
point,  above  all  radiators,  and  is  140  feet  above  our 
pumps. 

We  now  supply  about  fifty  thousand  feet  of  radi- 
ation, placed  in  residences,  business  houses,  offices 
and  schools,  and  where  the  amount  of  radiation  in- 
stalled is  sufficient  to  counteract  the  exposure  the 
system  is  giving  most  excellent  satisfaction.  As  we 
have  used  no  live  steam,  and  the  repairs  for  two 
years  have  amounted  to  less  than  four  hundred  dollars, 
we  consider  that  our  investment  is  very  fair  and  will 
be  more  desirable  as  time  passes. 

During  the  first  two  years  wq  operated  our  plant 
without  any  back  pressure  on  our  engines ;  but  owing 
to  the  increase  in  the  number  of  feet  of  radiation, 
and  the  severity  of  the  past  winter,  we  found  it 
necessary  to  weight  our  back-pressure  valve  until  the 
gauge  showed  three  to  five  pounds  during  the  period 
when  there  was  but  little  electric  light  and  power 
load,  but  during  the  late  afternoon  and  until  mid- 
night we  found  that  we  had  ample   steam   to   furnish 
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heat  without  back  pressure  on  the  engines.  We 
originally  installed  a  hot-water  system,  instead  of  an 
exhaust-steam,  because  of  the  fact  that  no  back 
pressure  was  required,  and  by  returning  the  water  to 
the  power  plant  we  retained  all  the  heat  units  not 
actually  thrown  oJ0F  for  the  purpose  of  earning  revenue. 

We  find  that  if  we  send  the  water  out  at  200'' 
we  have,  at  a  distance  of  two  thousand  feet  from  the 
power  house,  a  temperature  of  198**  where  the  water 
leaves  the  main  line  to  enter  the  service  of  the 
customer.  We  also  find  that  when  the  water  is  sent 
out  at  200**  and  passes  through  the  radiators  and 
returns  to  the  power  house,  our  loss  varies  from  30"* 
to  5o^  depending  upon  the  outside  temperature. 

We  have  experienced  very  little  trouble  from 
leakage  on  our  pipe  system,  our  only  loss  to  mains 
and  service  pipes  being  caused  by  surface  water 
passing  through  the  sandy  covering  and  corroding 
the  pipe  on  its  exterior. 

We  have  had  some  difficulty  because  of  our 
allowing  parties  to  install  less  radiation  than  our 
figures  would  indicate,  or  because  of  the  fact  that  the 
piping  was  imperfectly  proportioned. 

Everything  considered,  we  believe  that  a  hot-water 
heating  plant  with  sufficient  capacity  to  use  the  exhaust 
steam  of  a  combination  railway  and  lighting  station 
will  prove  satisfactory  to  the  operating  company. 

P.  H.  KORST 

In  making  our  investigations  as  to  the  best  system 
of  central-station  heating  to  install,  we  were  influenced 
by  the   following  points  in  favor  of  hot  water : 

Utilizing  exhaust  steam  without  putting  back- 
pressure   on    the    engines;    even    being   able    to    run 


engines  condensing,  passing  the  exhaust  steam  through 
a  circulating  water  heater  on  its  way  to  the  condenser. 
We  have  not  tried  this  yet,  but  are  guaranteed  to  be 
able  to  maintain  a  temperature  of  i6o°  in  the  circu- 
lating water  and  have  a  vacuum  of  eighteen  inches  on 
the  engines.  Doing  away  with  back-pressure  and  the 
ability  to  run  engines  condensing  mean  a  large  saving 
in  fuel. 

With  exhaust-steam  heat  a  temperature  of  212°  or 
more  is  obtained  whenever  there  is  steam  on,  and  for 
fully  three-fourths  of  the  heating  season  this  is  much 
more  than  is  needed.  Again,  much  heat  and  pure 
water  is  lost  when  the  condensation  is  wasted  in  the 
sewers.  With  hot  water  the  temperature  of  the  water 
can  be  varied  to  suit  the  outside  temperature,  and 
thereby  gives  the  customer  an  even  heat.  The  con- 
densed exhaust  steam  in  the  heater  can  be  returned 
to  the  boilers  after  trapping  out  the  oil,  if  the  engines 
are  running  non-condensing. 

From  the  customer's  standpoint  the  well-known 
advantages  of  hot-water  heating,  such  as  the  ability  to 
maintain  an  even,  mild,  steady  temperature,  nearer  to 
Nature's  summer  product  than  any  other  artificial  heat, 
and  to  have  just  the  right  amount  at  the  right  time 
and  place,  make  it  worth  much  more  than  other  forms 
of  heating.  Absence  of  noise,  water  hammer,  odor, 
air  in  radiators,  are  also  good  features,  and  are  talking 
points  with  prospective  users. 

The  large  amount  of  water  in  the  pipes  and  radi- 
ators makes  a  certain  amount  of  storage  capacity  for 
heat,  and  a  system  may  be  stopped  in  emergencies 
with  a  very  gradual  cooling  of  the  water.  Fuel 
economizers  can  be  used  to  impart  some  heat  to  the 
water,  and  live-steam  heaters  are  generally  used 
to  add   extra  heat  in  very  severe  weather  and  also  at 


472 

times  when  not  enough  exhaust  steam  can  be  obtained. 
In  a  hot-water  system  with  a  forced  circulation,  no 
attention  need  be  given  to  the  grade  of  the  fiow  or 
return  pipes,  which  simplifies  and  cheapens  the  instal- 
lation. If  a  closed  system  is  used,  that  is,  one  not 
open  to  the  atmosphere  at  any  point,  the  circulating 
pumps  take  only  enough  power  to  overcome  the  dif- 
ference in  pressure  between  the  water  in  the  flow  and 
return  pipes,  or  just  enough  to  overcome  the  friction 
of.  the  water  in  the  pipes.  In  an  open  system,  in 
addition  to  this,  enough  pressure  must  be  used  to 
raise  the  water  to  the  highest  point  on  the  system. 

Proper  insulation  of  mains  and  service  pipes  is  a 
simpler  proposition  with  hot  water  than  with  steam, 
on  account  of  the  lower  temperature,  which  permits 
the  use  of  efficient  material  that  would  deteriorate 
under  the  higher  temperature  of  steam  heating. 

Our  customers,  after  two  seasons'  use,  are  highly 
pleased  with  the  service  and  recommend  it  to  all 
inquirers.  They  say  they  would  willingly  pay  more 
rather  than  be  without  it. 

The  convenience  of  handling  and  the  absence  of 
dirt,  ashes,  smoke,  odor,  and  noise  are  as  strong  feat- 
ures as  are  similar  good  points  in  electric  lighting, 
which  make  the  latter  worth  more  than  our  competi- 
tors' lights.  It  is  easier  to  induce  a  heating  customer 
to  become  a  consumer  of  electricity  as  well,  since 
satisfactory  service  in  one  line  makes  him  more  recep- 
tive for  good  service  in  another. 

There  is  some  question  about  the  method  of 
charging.  Some  sell  heat  as  they  would  light,  by 
meter,  having  a  fixed  charge  per  square  foot  of  radi- 
ating service  installed  for  the  season.  The  customer 
can  regulate  the  expense  by  the  amount  of  radiation 
installed.      If    he    has   not   enough   radiation,  he  neces- 
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sarily  does  not  keep  his  place  up  to  a  comfortable 
temperature ;  like  a  dimly-lighted  store  on  account  of 
too  few  lights.  These  people  are  always  a  thorn  in 
the  flesh  of  the  central  station  man,  for  not  only  do 
they  frequently  telephone  to  see  if  we  will  not  raise 
the  temperature  of  the  water,  but  they  do  not  give 
the  real  reason  to  people  asking  why  the  store  is  cold, 
and  thereby  discredit  the  system. 

The  other  method  is  to  charge  according  to  the 
cubic  contents  of  the  space  to  be  heated,  with  addi- 
tions for  variations  in  exposure  of  walls,  etc.,  and 
then  install  enough  radiation  to  keep  the  rooms  com- 
fortable at  all  times.  This  is  the  more  satisfactory 
system,  but  usually  makes  the  cost  of  heating  exceed 
considerably  that  obtained  with  stoves  or  furnaces, 
since  a  prospective  customer  will  not  always  admit  the 
greater  worth  of  a  heat  that  is  uniform  throughout 
the  building  and  always  in  just  the  right  quantity. 

After  one  season  the  numerous  advantages  of  buy- 
ing heat  from  a  central  plant  will  soon  make  them- 
selves manifest,  and  plenty  of  business  will  come  in 
unsolicited. 


C.  R.  MAUNSELL 

FIVE    YEARS*    OPERATION    AT    TOPEKA,    KANSAS 

In  a  paper  presented  last  year,  a  few  fads  and 
figures  were  given  in  regard  to  the  investment  in  a 
steam-heating  system  and  its  effects  on  the  lighting 
and  power  business.  In  the  case  of  the  Topeka 
plant  it  has  proven  a  particularly  good  investment, 
and  we  hope  many  will  be  interested  in  the  following 
data. 

After  five  years'  operation,  we  now  have  invested 
about  one-sixth  of   our  total  investment  in  the  steam- 


474 

heating  system,  which  consists  of  sixty-five  feet  of 
twelve-inch  pipe,  420  feet  of  ten-inch  pipe,  4,275  feet 
of  eight-inch  pipe,  690  feet  of  six-inch  pipe,  and  480 
feet  of  four-inch  pipe ;  a  total  of  5,935  feet  of  street 
mains,  thirty  meters  and  a  few  service  connections. 

Taking  into  consideration  the  cost  of  coal,  inspec- 
tion and  all  other  expenses  outside  of  station  for  a 
period  of  five  years,  the  cost  of  operation  has  been 
thirty-seven  per  cent  of  the  gross  revenue.  These 
expenses  do  not  take  into  consideration  extra  wear 
and  tear  on  boilers,  nor  any  increased  labor  in  the 
station.  The  effect  on  the  boilers  might  properly  be 
considered,  but  would  be  only  an  estimate  at  best. 
In  our  station,  no  increased  labor  has  been  necessary. 
We  use  coal-handling  machinery  and  stokers. 

The  effect  of  back  pressure  while  operating  a 
steam-heating  system  is  not  such  a  serious  matter  as 
many  have  been  led  to  believe,  and  we  think  you 
will  agree  with  us  on  this  point  after  a  consideration 
of  Table  A,  which  gives  the  number  of  hours  and 
the  pounds   pressure  carried  on  mains. 


Table   A 

K)UNDS  PRESSURE  CARRIED  ON  EXHAUST  HEATING  SYS- 
TEM  AND  NUMBER  OF  HOURS  CARRIED  FOR  SEASON 
OF    1 901    AND    1902 


Pounds   Pressure 


No  Steam 

Exhaust 

Exhaust  to  2  pounds. . . . 
Exhaust  to  3  pounds 

1  pound 

2  pounds 

3 

4 

5 

5^ 
6 


Oct. 


148 

432 
40 

•    •   • 

4 
116 

4 


Nov. 


4 
168 

136 

52 

56 

152 

144 

8 


Dec. 


16 

64 

120 

64 
112 
172 

56 

48 

76 
16 


Jan. 


40 
68 
80 
60 
120 
120 

136 
36 
60 

24 


Feb. 


12 

32 

64 

24 
112 

84 
136 

76 
112 

20 


Mar. 


12 
204 
116 

44 

44 
176 

112 

24 

•    •   • 

12 


164 
872 
456 
360 
252 
788 
638 
360 
160 
260 
60 
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Summary  of  Table  A 


AVERAGE    PRESSURES    AND    HOURS    CARRIED 


Av.  Pressure 


Exhaust 


October,  190T,      164  hours 

November.  looi.  KdS     **     

2        lbs. 
2.2 
3.1       '' 

3.17     '* 
3.66     ** 

2.4      '* 

432 
168 

December,  1901,  728      *'     

lanuarv.  IQ02.      704     ** 

16 
40 
12 

Februarv.  IQ02.   660      **     

March.  1002.         ^28      **     

204 

(t 
It 
(( 

I  i 
(I 


No  Steam 


148  hrs. 


12  hrs. 


The  engineers  regulate  the  pressure  by  Schedule  C, 
which  was  compiled  in  accordance  with  the  outdoor 
temperatures,  this  being  the  varying  factor.  The  aver- 
age temperature  for  this  locality  during  the  months 
from  October  to  May,  inclusive  (which  is  our  heating 
season),  as  taken  by  the  Government  Weather  Bureau 
from  twenty  years'  records,  shows  43.9°  above  zero. 
The  past  five  years  being  the  time  referred  to,  Table  B 
shows  the  average  temperature  for  each  month  and 
year  during  this  period. 


Table   B 

AVERAGE  temperatures  FOR  THE  CITY  OF  TOPEKA  AS 
TAKEN  BY  THE  UNITED  STATES  WEATHER  BUREAU 
FOR    THE    PAST    FIVE    YEARS 


October 

November 

December 

January 

February 

March 

April 

May 

Average  for  season 


1897 

1898 

1899 

1900 
and  190Z 

and  1898 

and  1899 

and  iqoo 

63.1 

53.6 

63.0 

62.8 

43.9 

39-4 

49.8 

41.6 

28.2 

27.5 

30.3 

35.7 

31.7 

30.5 

34.1 

33.3 

35-9 

18.9 

24.8 

26.3 

43.8 

34.6 

41.0 

42.2 

53.0 

53.6 

57.4 

53.4 

63.3 

67.8 

66.3 

63.4 

45.37 

40.7 

45.95 

44.84 

ipoz 
and  190a 


60.8 
44.2 

28.7 

30.4 
22.2 

45.2 
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AVERAGE  TEMPERATURES  FOR  THIS  LOCALITY  FOR  THE 
PAST  TWENTY  YEARS,  FROM  UNITED  STATES  WEATHER 
BUREAU,    FROM    OCTOBER   TO    MAY,    INCLUSIVE 


October,       56.* 
November,  41.2* 


December,  34.8* 
January,      26.8°  March, 

Average,  43.9'. 


February,  31.2' 


41. 


April,  56. 8" 
May,    63.4* 


The  engineer's  schedule  has  been  determined  by 
experience  of  what  steam  pressure  was  necessary  for 
each  consumer  if  his  piping  was  in"  the  condition  re- 
quired by  us.     (See  specifications.) 

Table  C 

schedule  of  steam  pressures,  for  running  engineer, 
to  maintain  on  exhaust-steam-heating  system, 
in  accordance  with  outside  temperatures. — 
above  70°  no  steam 


Temperature 
Degrees 

5:30  A.  M. 

to 
6  P.M. 

6  P.M. 

to 

ix:3oP   M. 

11:30  P.  M. 

to 
5:30  A.  M. 

68  to  55 

54  to  40 

39  to  28 

27  to  19 

18  to    9 

8  to    0 

I  to  10  below . . 

Exhaust  only 

2  pounds 

3  pounds 

4  pounds 
S^i  pounds 
5^  pounds 
6  pounds 

Exhaust  to  2  pounds 
Exhaust  to  3  pounds 

4  pounds 

5  pounds 

5  pounds 

6  pounds 

Exhaust  only 

1  pound 

2  pounds 
2  pounds 

2  pounds 

3  pounds 

NoTB. — **  Ezbaost  only,'*  means  no  pressubb  whatever.  **  Exhaust  to  any  pressure/* 
meaps  no  livb  stbam  to  keep  pressure.  Where  pounds  of  pressure  are  given,  if  the  exhaust 
is  not  sufficient,  supply  with  live  steam. 

From  Table  A  it  will  be  seen  that  the  maximum 
back  pressure  is  required  but  a  few  hours  during  the 
heating  season  of  5,760  hours,  or  eight  months. 
Therefore  it  need  only  be  considered  from  the  stand- 
point of  the  capacity  of  the  engines,  if  the  revenue 
will  pay  for  all  coal  used  and  also  interest  on  the  in- 
vestment. To  illustrate  this  point,  you  will  note  that 
for  only  sixty  hours  last  season  was  it  necessary  to 
carry  the  maximum,  six  pounds  pressure. 
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Our  system  consists  of  12,763  square  feet  of  ladia- 
tion  in  mains,  1,640  square  feet  of  radiation  in  service 
pipes,  8,640  square  feet  of  radiation  in  covered  piping 
in  buildings  not  charged  for,  and  67,239  square  feet 
of  radiation  charged  for.  This  radiating  surface  heats 
6,528,475  cubic  feet  of  space.  The  amount  of  steam 
condensed  per  square  foot  of  radiation  during  the 
heating  season,  as  measured  by  the  water  meter,  we 
have  found  to  be  360  pounds ;  this  equals  at  mete* 
rate  of  sixty  cents  per  1,000  pounds  of  water,  about 
twenty-two  cents  per  square  foot  of  radiation.  Two 
thousand  eight  hundred  feet  is  the  greatest  distance 
from  the  power  house  to  which  steam  is  supplied. 

We  have  found  it  good  practice  to  keep  a  card 
system  of  diagrams,  which  is  practically  a  floor  plan 
of  the  consumer's  premises,  locating  pipes^  traps, 
meters  and  radiators 

To  enable  us  to  operate  at  a  minimum  pressure, 
it  is  essential  that  all  building  installations  be  under 
our  supervision,  and  we  have  a  set  of  specifications 
for  steam-fitters,  a  copy  of  which    is  embraced  herein. 

SPECIFICATIONS    FOR    STEAM    HEATING    SYSTEM 

Service  connection  will  be  made  at  the  expense  of 
the  consumer. 

Size  of  surface  pipe,  and  the  manner  and  place  of 
connection,  must  be  obtained  by  application  to  the 
company  when  permit  is  issued. 

Where  it  is  necessary  to  tap  the  street  mains,  the 
iron  pipe  must  be  wrapped  with  an  asbestos  paper,  held 
in  place  with  a  copper  wire,  and  the  pipe  covered  by 
a  tin-lined  log  of  the  same  character  as  used  in  our 
underground  mains,  and  the  log  covered  with  three- 
ply  tar  felt,  the  log  to  extend  to  the  inside  wall  of 
the  building.     Any  joints    made    in    log  must  be  cov- 
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ered  by  cement  brick  work,  and  filled  with  sawdust 
to  prevent  the  surface  water  coming  in  contact  with 
steam  pipe. 

All  the  new  work  must  be  done  on  one-pipe,  low- 
pressure  loop  system,  and  so  arranged  that  one  trap 
will  empty  all  water  of  condensation  into  a  cooling 
coil,  and  thence  to  the  sewer. 

The  service  pipe  must  have  a  gate  valve  placed 
as  near  the  point  of  entrance  to  the  building  as 
possible. 

The  grade  of  pipes  must  be  such  that  all  water 
will  run  freely  from  service  valve  back  to  street  mains 
and  from  service  valve  toward  steam  trap ;  where  mains 
can  not  be  so  arranged,  a  drip  pipe  must  be  con- 
nected direct  to  steam  trap. 

All  pipe  must  have  adjustable  pipe  hangers  of 
approved  type  well  secured  to  ceilings. 

Branches  or  risers  from  mains  to  upper  floors  and 
each  radiator  must  have  cut-off  gate  valves  placed 
where  they  leave  the  mains.  All  branch  pipes  must 
be  one  size  larger  than  risers.  Risers  to  be  fitted 
with  ceiling  plates  where  necessary. 

Steam  traps  must  be  as  simple  as  possible,  and 
easily  taken  apart  to  clean  ;  they  must  have  automatic 
air  vents  with  positive  opening. 

There  must  be  a  cut-off  valve  in  the  return  line 
at  the  trap,  so  that  steam  can  be  shut  off  while  trap 
is  being  cleaned.     Following  traps  must  be  used : 

Square  Feel  Radiation  Size  Inlet  Size  Outlet 

Up     to     700  feet  T^  inch  i      inch 


700  to  1,750    **  iH     **  1}( 

1,750  to  3,000    **  2        "  ij^ 


ti 


TV//  Ta/es — A  piece  of  one-fourth-inch  pipe 
twenty-four  inches  long  must  be  placed  in  the  dis- 
charge line  after  leaving  the  trap,  and   the  upper  end 
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left  open  so  that  if  trap  does  not  work  properly 
steam  will  issue  to  notify  consumer  of  the  fact. 

Cooling  Coils — A  cast-iron  continuous  coil  with 
square  feet  of  heating  surface  equal  to  one-fifth  of  the 
total  heating  surface  installed  in  the  building,  must 
be  placed  in  the  discharge  line  of  steam  trap,  and 
provision  made  for  passing  cold  air  over  the  coil  and 
thence  to  a  register  placed  at  some  point  where  heat 
will  always  be  needed  when  steam  is  on  the  system. 
The  box  containing  this  coil  must  be  lined  with  tin 
and  the  coil  so  placed  in  it  that  the  air  will  pass 
over  each  section  and  not  along  the  sides  of  the  box. 

Meteors — When  a  consumer  desires  to  use  meter 
system,  the  steamfitter  will  be  required  lo  furnish  the 
pipe  fittings  but  the  Edison  Company  will  set  the 
meter. 

Pipe  Covering — All  pipes  and  fittings  not  intended 
to  be  used  as  heating  surface  must  be  covered  with 
approved  pipe  covering ;  same  to  be  not  less  than 
three-fourths  of  an  inch  thick. 

Radiators — AH  pipes  and  valves  to  radiators  must 
be  as  follows : 

Radiators  up  to  35  feet,  i      inch  valve  and  pipe 

40  to  55     *'  \%     **        **       *• 

60  to  70     "  1%     *^        *•       '* 

75  to  125  **  2        **         **       **       •* 

All  radiators  must  have  air  vents  placed  on  the 
opposite  end  to  feed  pipe  at  least  twelve  inches 
above  the  floor. 

Painting  and  Bronzing — All  radiators  and  exposed 
pipes  should  be  painted  or  bronzed  as  the  consumer 
may  require. 

Measurement  of  Pipes — Steam  fitters,  in  computing 
the  square  feet  of  heating  surface  in  piping,  will  use 
the  following  table : 
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MULTIPLY  THE  TOTAL  LENGTH  OF  PIPE  BY  THE  DECIMAL  FOR  EACH  SIZE  OF  PIPE 

>^  inch,   .22;  ^  inch,  .275;  i   inch,  .344;  i>^  inch,  .434; 

I >^  inch,  .497;  2  inch,  .621;  2>^  inch.  .753;  3   inch.  .916; 

3'y4  inch,  1.047  ;  4  inch,  1.178  ;  4>^  inch,  1.309  ;  5   inch.  1.456; 
6   inch.  1.734; 

The  steam  fitter  will  be  required  to  make  a  com- 
plete report  on  the  permit  blank  issued  by  the  com- 
pany, and  steam  will  not  be  turned  on  until  this 
report  is  made  and  all  appliances  and  workmanship 
have  been  approved  by  the  company's  inspector. 

It  was  to  the  advantage  of  the  public  and  the 
company  to  issue  a  pamphlet,  **  What  to  do  to  obtain 
steam  heating  from  the  Edison  Company." 

If  the  building  to  be  heated  has  no  steam  pipes 
nor  radiators,  get  a  set  of  specifications  from  the 
Edison  Company,  and  ask  your  plumber  or  steam 
fitter  to  give  you  the  cost  of  the  installation. 

The  service  connection  from  the  steam  mains  to 
the  house  piping  is  to  be  paid  for  by  the  consumer, 
and  all  the  inside  piping,  radiators  and  necessary 
appliances  are  to  be  owned  and  maintained  by  the 
consumer,  with  the  exception  of  meters,  which  are 
the  property  of  the  Edison  Company. 

Steam  is  supplied  by  flat  rate  (yearly  contract), 
or  by  meter  system  on  the  following  conditions:  If 
the  building  to  be  heated  contains  a  store  room  on 
the  first  floor  and  offices  or  living  rooms  on  the  upper 
floors,  the  company  will  contract  with  the  tenant  of 
the  store  direct,  but  will  in  no  case  furnish  steam  to 
the  tenants  of  upper  floors  unless  the  owner  of  the 
building  will  sign  a  contract   for   the   heating   service. 

Where  the  building  is  large  and  occupied  by  tran- 
sient tenants,  such  as  offices,  hotels  or  living  apart- 
ments,  the  meter  system  is  recommended. 

No    building  to  which  a  service  pipe  and  trap  are 
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required  will  be  supplied  with  steam  unless  a  minimum 
of  loo  feet  of  heating  surface  is  paid  for. 

If  steam  is  wasted  by  consumers  not  turning  off 
radiators  in  moderate  weather,  the  company  reserves 
the  right  to  charge  by  meter. 

Buildings  to  be  heated  from  our  street  mains  must 
have  sufficient  radiating  surface  so  that  they  can  be 
heated  to  a  temperature  of  72°  in  zero  weather  with 
a  steam  pressure  of  two  pounds,  and  in  no  case  will 
an  installation  for  heating  be  accepted  unless  there  is 
one  square  foot  of  heating  surface  for  each  100  cubic 
feet  of  air  space.  The  number  of  feet  of  radiation 
required  depends  entirely  on  the  exposures  and  con- 
struction of  the  buildings,  and'  one  foot  of  radiation 
is  sometimes  required  to  each  fifty  cubic  feet  of 
air  space. 

The  water  of  condensation  must  all  be  carried  to 
a  cooling  coil,  this  coil  to  contain  at  least  as  many 
feet  of  surface  as  one-fifth  of  the  radiating  surface 
contained  in  ^  the  total  installation  of  the  building. 
After  the  water  has  been  through  the  cooling  coil  it 
must  be  carried  to  the  sewer. 

The  One-Pipe  Loop  system  of  installation  gives 
the  best  results  and  should  be  used  on  all  new  work. 
(See  Specifications.) 

Rates : — 

30  cents  per  square  foot  for  direct  radiation  per  season. 

35      **        ••         **  "       "     indirect     '* 

20      **        **         **  **       "     Cooling  Coil 

Meter  rate,  60  cents  per  thousand  pounds  of  water. 

A  square  foot  of  radiation  is  about  three  feet  of 
one-inch  steam  pipe,  and  a  charge  is  made  for  all 
piping  which  is  not  covered  with  an  approved  non- 
conducting covering,  whether  contained  in  radiators,, 
coils  or  piping  to  radiators. 

Indirect  radiation    is    the    placing    of   pipe  in  such 
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manner  that  cold  air  is  passed  over  it  from  any  source 
to  extract  the  heat,  and  is  mostly  used  in  dwelling's, 
as  it  supplies  a  constant  source  of  fresh,  warm  air, 
giving  a  superb  plan  of  ventilation. 

Cooling  coil  is  necessary  to  extract  the  remaining 
heat  from  the  water  before  discharging  to  the  sewer, 
as  without  this  device  considerable  waste  of  heat 
would  occur. 

Payments — The  total  contract  amount  for  the 
heating  season  is  divided  into  six  equal  payments, 
payable  on  November  ist,  and  the  first  day  of  De- 
cember,  January,  February,  March  and  April  following. 
If  contract  amount  is  less  than  $25,  one-half  is  pay- 
able November  ist  and  one-half  February  ist  fol- 
lowing. 

The  above  rates  are  made  for  the  entire  heating 
season,  and  no  rebates  will  be  allowed  for  failure  to 
use  steam  during  the  time  specified. 

D.  F.  McGEE 

Before  we  compare  the  merits  of  the  two  systems 
of  central-station  heating,  namely,  exhaust-steam  and 
hot-water,  it  would  perhaps  be  well  to  devote  a  few 
moments  to  a  few  facts  which  we  have  found  to  be 
necessary  to  the  financial  success  of  a  heating  plant. 

First — The  investment  must  be  kept  as  low  as  is 
consistent  with  good  workmanship  and  first-class  con- 
struction. 

Second — The  proposition  should  be  to  utilize  the 
exhaust  steam  to  the  best  advantage  by  installing  only 
just  sufficient  mains  and  radiation  to  use  up  all  the 
exhaust  steam  during  time  of  maximum  load. 

The  claim  of  certain  promoters  of  heating  sys- 
tems, that  there  is  money  in  live-steam  heating,  and 
that    the    electric    light    and    power   furnished  need  be 
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considered  only  as  a  by-product,  is  untrue,  and  has 
resulted  in  the  installation  of  heating  plants  that  can 
not  be  run  on  a  paying  basis.  Before  installing  any 
system,  the  manager  should  take  into  consideration 
which  one  will  give  his  customer  the  best  satisfac- 
tion ;  which  will  be  reasonable  in  first  cost,  and,  at 
the  same  time,  be  economical  in  operation.  My  ex- 
perience with  the  various  steam,  hot-air  and  hot- 
water  systems  has  convinced  me  that  nothing  meets 
the  universal  requirements  for  a  central  plant  so  well 
as  hot-water  heat.  In  fact,  it  is  the  only  heating 
system  in  which  regulation  of  temperature  in  the 
various  buildings  is  absolutely  under  the  control  of 
the  attendant  at  the  central  plant  without  a  compli- 
cated system  of  thermostats;  these  thermostats  in- 
crease the  first  cost  of  installation,  are  always  getting 
■out  of  order  and  are  consequently  a  continuous  source 
of  expense. 

In  our  plant  we  have  posted  near  the  thermome- 
ter in  the  main  supply  pipe  a  carefully  tabulated 
schedule  by  which  the  engineer  can  tell  at  a  glance 
how  hot  the  water  must  be  to  warm  the  buildings  to 
70  degrees  at  any  given  outside  temperature.  As  a 
result,  our  customers  seldom  touch  a  radiator  valve 
-during  the  entire  season.  The  fact  that  the  tempera- 
ture of  the  heating  surface  in  the  entire  system  can 
be  controlled  is  of  particular  advantage  in  moderate 
weather,  for  by  controlling  the  temperature  with  a 
hot-water  system  a  given  amount  of  heat  can  be 
spread  out  thinner  and  will  do  more  work  than  the 
same  amount  of  heat  will  do  with  a  steam  system. 
The  customers  need  not  touch  an  air  valve,  conse- 
quently that  disagreeable  odor  of  cylinder  oil,  so  much 
in  evidence  where  exhaust  steam  is  used  direct  for 
heating,  is  entirely  eliminated,  as  well  as  all.  crackling 
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and   snapping  of    pipes,  so    familiar   to    us   all    where 
steam  is  used  for   heating  buildings. 

To  make  a  plant  successful  every  corner  must  be 
guarded,  and  frequently  it  is  a  number  of  small 
economies  that  determines  whether  or  not  the  plant 
is  profitable.  To  illustrate :  In  operating  an  exhaust- 
steam  heating  plant  there  occurs  loss  of  power  and 
useful  work  due  to  back  pressure,  and  I  will  state,  for 
the  benefit  of  all  who  are  familiar  with  or  who  have 
not  given  the  matter  sufficient  thought,  that  back 
pressure  must  be  deducted  from  the  mean  eflfective; 
and  with  an  exhaust-steam  heating  plant,  running  as 
they  do  in  some  places  with  20  to  25  pounds'  back 
pressure,  and  with  a  boiler  pressure  of  100  pounds, 
there  should  be  at  quarter  cut-off  a  mean  effective  of 
about  40  pounds.  Twenty  pounds  of  back  pressure 
of  course  means  that  one-half  of  all  the  power  is 
absolutely  thrown  away,  and  means  duplicate  invest- 
ment in  engines,  or  double  the  capacity  of  engines  to 
carry  the  peak  of  the  electric  road. 

The  fact  that  a  hot-water  heating  plant  can  be 
operated  in  connection  with  condensing  engines  is  a 
great  advantage.  The  exhaust  heater  can  be  placed 
between  the  engines  and  condenser.  With  26  inches 
of  vacuum  you  can  get  about  115  degrees  on  the  cir- 
culating water,  which  will  answer  on  chilly  days. 
With  22  inches  vacuum  you  can  get  about  140 
degrees.  With  19  inches  vacuum  you  can  get  about 
153  degrees.  With  15  inches  vacuum,  about  168 
degrees.  Our  records  for  the  past  winter  show  that 
for  85  per  cent  of  the  heating  season  our  circulating 
water  was  below  165  degrees.  Now,  when  you  need 
hotter  water  and  the  vacuum  drops  to  15  inches, 
it  pays  to  throw  open  the  relief  valve  and  run  your 
engines  non-condensing.      This  kind  of  scheme  makes 
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the  most  economical  kind  of  an  arrangement,  as  a 
large  portion  of  the  winter  consists  of  mild  weather, 
the  average  temperature  of  the  heating  season  in 
Chicago  being  35  degrees  above  zero,  according  to 
the  United  States  weather  reports.  This  means  that 
a  plant  can  be  run  condensing  most  of  the  season 
and  still  get  the  latent  heat  of  the  exhaust  steam  for 
heating  purposes.  I  had  charge  of  the  installation  of 
such  a  plant  at  Waterbury,  Conn.,  in  1896.  In  this 
plant  we  also  installed  an  economizer  for  heating  the 
circulating  water  with  waste  flue  gases,  which  we 
found  to  make  a  very  desirable  combination.  As 
there  was  only  about  20  or  30  degrees  difference 
between  the  outgoing  and  incoming  water  in  the 
economizer,  we  experienced  no  trouble  whatever  from 
flues  ** sweating"  or  leaky  tubes  from  unequal  ex- 
pansion, which  occurs  when  an  economizer  is  used 
for  heating  feed  water  only ;  this  one  was  used  for 
that  purpose  during  the  summer  months. 

Another  feature  to  which  I  should  like  to  call 
your  attention  is  that  the  feed-water  heater  actually 
consumes  from  12  to  15  per  cent  of  the  exhaust 
steam  in  heating  the  feed  water.  In  our  plant  the 
exhaust  steam  is  all  condensed  in  the  exhaust  heater 
and  the  condensation  is  saved  for  return  to  the 
boilers,  and  the  12  to  15  per  cent  of  the  exhaust 
steam  is  not  required  for  heating  this  water  for 
boilers.  In  all  the  steam-heating  systems  the  con- 
densation is  all  thrown  away  through  traps  and  drains 
to  the  sewers.  This  means  that  we  can  sell  from  12 
to  15  per  cent  more  heat  to  our  customers  from  our 
hot-water  plant  than  we  could  from  a  steam-heating 
plant. 

Our  plant  was  started  up  in  October,  1899,  and 
the  first  season  we  had   about    14,000  square   feet   of 
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radiation  in  service.  This  gave  us  a  loss  of  eight 
degrees,  from  the  time  the  water  left  the  plant  until 
it  returned,  when  the  thermometer  was  lo  below 
zero.  Last  year  we  increased  our  load  to  29,000 
square  feet,  and  the  difference  during  our  coldest 
weather  was  15  degrees,  with  a  difference  of  20- 
pounds'  pressure  between  the  supply  and  return  mains 
at  the  plant.  This  year,  with  about  35,000  feet  of 
radiation  in  service,  we  increased  the  speed  of  our 
pumps  from  20  to  30  pounds  between  the  supply  and 
return  mains.  We  found  that  it  required  just  20- 
horse-power  to  maintain  this  pressure  with  a  drop  of 
1 5    degrees. 

Our  pipe  system  consists  of  a  closed  loop  or  cir- 
cuit of  five-inch  pipe  about  three-fourths  of  a  mile 
long,  with  three  three-inch  shunts,  each  about  1,000 
feet,  extending  off  the  main  line.  In  this  circuit — and 
part  of  it  is  a  centrifugal  or  fan  type  of  pump — are 
an  exhaust-steam  heater  and  a  live-steam  or  auxiliary 
heater.  The  exhaust  steam  from  our  engines  first 
passes  through  an  open  feed-water  heater  and  grease 
extractor,  which  heats  feed  water  for  our  boilers  and 
also  removes  the  cylinder  oil  from  the  exhaust  steam. 
It  then  passes  through  the  exhaust  heater  for  the 
heating  system,  where  it  gives  up  its  heat  to  the 
circulating  water,  the  surplus,  if  any,  escaping  to  the 
atmosphere.  As  this  exhaust  heater  is  elevated  above 
the  water  line  in  the  open  feed-water  heater,  the  con- 
densation from  the  exhaust  steam  flows  to  the  feed- 
water  gravity,  to  be  pumped  to  boilers  as  feed  water. 
This  insures  us  distilled  water  for  our  boilers  at  a 
temperature  of  at  least  205  degrees,  and  enables  us 
to  use  our  water  over  and  over  again,  which  makes 
a  very  material  reduction  in  our  water  bill  as  com- 
pared   with    those  we    pay    in    the    summer    months. 
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There  is  an  opening  direct  to  the  atmosphere  from 
the  exhaust  heater  at  all  times,  so  that  it  is  impossi- 
ble to  put  any  back  pressure  on  our  engines,  and 
indicator  cards  taken  from  engines  show  that  we  can 
condense  every  particle  of  our  exhaust  steam  without 
using  an  ounce  of  back  pressure. 

The  live-steam  heater  is  elevated  some  distance 
above  the  boiler  and  is  similar  to  the  exhaust  heater,, 
only  much  smaller.  Here,  also,  steam  passes  through 
tubes  surrounded  by  the  circulating  water  of  the 
system.  When  live  steam  is  required  for  heating,  it 
is  taken  from  the  main  steam  pipe  direct  to  this 
heater.  The  condensation  from  the  live  steam  returns 
to  the  boilers  by  gravity  at  the  temperature  corres- 
ponding to  the  pressure.  This  means  returning  the 
water  to  the  boiler  at  a  temperature  of  over  300 
degrees,  instead  of  allowing  it  to  flow  to  the  sewer 
as  is  done  in  all  steam  plants. 

Our  house  connections  are  merely  shunts  taken  off 
the  mains.  The  size  of  each  house  shunt  depends 
upon  the  number  of  feet  of  radiation  required  in  the 
house  to  be  heated. 

We  have  all  learned  that  to  make  an  electric 
plant  pay  we  must  avoid  the  slipshod  methods  of 
construction  that  were  considered  good  enough  a  few 
years  ago.  It  was  then  thought  that  any  kind  of  an 
electric  plant  was  a  gold  mine,  and  we  should  do 
well  to  profit  by  the  sad  experience  of  a  great 
number  of  lighting  plants  that  were  thrown  together 
with  this  expectation. 

To  place  a  heating  plant  on  a  paying  basis,  it  is 
necessary  to  watch  and  take  advantage  of  every  point. 
Do  not  think  you  can  dig  a  hole  in  the  ground,  lay 
in  it  several  miles  of  pipe,  throw  a  few  fence  boards 
around  it,  run    a    block    here   and    a    block    there    for 
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the  investment  simply  because  some  smooth  fellow 
tells  you  that  a  heating  plant  is  a  gold  mine.  In  the 
first  place,  all  underground  work  must  be  done  in  the 
best  possible  manner,  bearing  in  mind  that  the  mains 
can  not  be  covered  too  thoroughly  with  a  non-con- 
ductive material.  All  pipes  should  be  thoroughly 
tested  and  leaks  repaired  while  they  are  yet  uncovered, 
for  every  drop  of  water — in  fact,  every  heat  unit — 
represents  money  invested,  and  should  be  guarded 
accordingly.  It  pays  to  cover  all  cellar  piping,  such  as 
mains  and  branches,  with  a  non-conducting  material 
at  your  own  expense.  I  find  that  one-thirty-second 
inch  asbestos  paper,  which  comes  in  rolls  of  about 
ICO  pounds,  answers  this  purpose  very  well.  We  saw 
the  roll  up  into  blocks  about  six  inches  in  length. 
This  gives  us  long  strips  of  paper  six  inches  wide, 
which  should  be  wound  spirally  around  the  pipe,  first 
in  one  direction  and  next  the  reverse,  until  there  are 
several  thicknesses 'around  the  pipe.  This  is  much 
cheaper  and  very  nearly  as  effectual  as  sectional 
covering. 

While  we  can  not  state  accurately  the  amount  of 
coal  chargeable  to  heating  service  during  the  past 
season,  yet  we  are  able  to  estimate  same  very  closely 
from  our  past  records  and  find  that  it  is  about 
600  tons,  which  costs  $1.70  per  ton  or  $1,020. 

We  have  in  actual  service  this  season  35,000 
square  feet  of  radiation.  This  brings  us  an  income 
of  $5,250. 

Now  the  question  of  extending  our  system  comes 
up.  Our  customers  who  have  the  heat  in  their  busi- 
ness houses  want  it  in  their  homes,  and  we  could 
double  the  amount  of  radiation  in  service  by  extend- 
ing our  mains,  and  our  station  apparatus  was  planned 
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for  this.  Yet  we  have  decided  not  to  do  so,  for 
when  we  take  into  consideration  the  interest  on  the 
additional  investment  for  street  mains,  and  the  fact 
that  we  should  then  be  compelled  to  burn  coal,  make 
steam  to  heat  our  water,  and  probably  require  extra 
boilers,  we  fail  to  see  where  there  is  any  money  in 
the  extra  investment  and  expense.  We  find  now 
that  to  make  the  investment  very  profitable  it  is 
important  to  have  a  day  load  for  the  engines.  This 
perhaps  can  be  done  to  the  best  advantage  by  fur- 
nishing electric  current  to  customers  for  light  and 
power  at  a  rate  which  will  make  it  an  object  to  use 
it  and  still  permit  of  selling  it  at  a  profit.  This 
point  is  apt  to  be  overlooked  by  many  central-station 
men.  The  promoters  of  heating  systems  tell  us  that 
we  can  sell  our  electric  current  very  low,  because  we 
^hall  be  deriving  an  income  from  the  sale  of  our 
exhaust  steam  for  heating  purposes ;  and  then,  in  the 
next  breath,  they  tell  us  that  we  can  make  a  low 
rate  for  heating  because  we  are  utilizing  our  exhaust 
steam  as  a  by-product.  A  few  moments*  reflection 
will  convince  any  man  that  it  is  impossible  to  cut  on 
both  ends  of  this  proposition  and  still  come  out 
ahead ;  and  it  is  not  necessary  to  do  so  if  it  is  under- 
taken in  the  proper  manner. 

Our  local  conditions  are  similar  to  nine-tenths  of 
the  lighting  plants  in  the  country,  and  I  find  that  it 
is  not  very  difficult  to  work  up  a  very  fair  day  load, 
even  in  a  small  town  that  has  blacksmith,  machine 
shops,  laundry,  printing  offices,  dentists,  grocers, 
butchers,  restaurants,  livery  stables,  and  numerous 
others  who  could  use  small  powers  to  advantage. 
Very  many  towns  have  one  or  two  mills  of  consider- 
able size,  which  can  be  secured  as  customers.  City 
pumping,    in    towns    where    there    is   a    stand-pipe    or 
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reservoir,  is  very  attractive,  for  this  work  can  usually 
be  done  when  the  load  is  smallest,  which  is  the  time 
when  you  may  need  the  most  exhaust  steam  for  your 
heating  purposes.  In  our  case  several  industries 
located  in  town  for  the  very  reason  that  electric 
power  was  available  at   all    hours  at  a  reasonable  rate. 

When  soliciting  prospective  customers  it  is  just  as 
well  not  to  lay  too  much  stress  on  cheapness,  but 
rather  to  enlarge  upon  the  fact  that  you  will  be  able 
to  furnish  them  much  better  and  more  convenient 
service  than  they  can  secure  in  any  other  way,  as  a 
motor  can  be  located  in  the  most  convenient  place, 
and  will  not  be  a  source  of  annoyance  by  causing 
dirt,  heat  or  noise,  and  the  customer  only  pays  for 
the  actual  power  used. 

It  is  also  advisable  to  make  some  arrangement 
with  a  responsible  company  to  handle  its  motors. 
You  are  then  in  a  position  to  go  to  your  customer 
and  quote  him  a  price  for  the  motor  installed  com- 
plete. You  are  very  much  handicapped  unless  you 
do  this,  for  you  may  tell  your  customer  that  you 
will  furnish  him  with  power  at  a  rate  which  may  be 
perfectly  satisfactory  to  him.  He  will  write  to  differ- 
ent parties  for  prices  on  motors,  and  then  his  trouble 
will  begin,  and  it  is  ten  to  one  that  he  will  become 
disgusted  and  drop  everything.  By  making  arrange- 
ments with  some  manufacturer,  you  can  install  the 
motor  for  a  sum  that  will  cover  the  cost  of  motor 
and  necessary  labor  and  still  give  your  customer  a 
lower  price  than  any  respectable  manufacturer  will 
quote  them  ;  and,  furthermore,  you  will  have  the  ad- 
vantage of  standardizing  your  motors,  which  permits 
you  to  change  them  in  case  of  accidents  ;  and  your 
repair  men  soon  become  familiar  with  the  construc- 
tion of  the  machines,  which  you  will  find  prevents 
many  accidents  and  facilitates  repairs. 
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During  the  past  two  years  we  have  installed  50 
motors,  ranging  from  .25  horse-power  to  10  horse- 
power. This,  with  one  85-hp  motor  driving  a  flour 
mill  24  hours  per  day  and  one  45-hp  motor  doing 
city  pumping,  gives  us  an  average  load  of  200  horse- 
power. 

When  we  installed  our  heating  plant  we  placed 
wooden  boxes  to  cover  junction  valves  and  house 
connections.  On  account  of  the  city  of  Red  Oak 
paving  its  streets  this  year  we  decided  to  replace  the 
wooden  boxes  with  brick  ones,  and  we  uncovered 
practically  all  of  our  mains ;  we  found  them  to  be  in 
excellent  condition  ;  in  fact,  it  would  be  impossible  to 
tell  that  they  had  ever  been  used,  so  we  can  foresee 
no  reason  why  they  will  not  be  in  just  as  good  con- 
dition many  years  hence,  as  we  used  nothing  but 
wrought-iron  pipe  for  the  entire  installation. 


Chairman  Hunt:  I  am  sure  we  are  greatly 
pleased  to  have  these  practical  papers,  and  if  there 
are  any  comments  upon  them  we  shall  be  glad  to 
hear  from  the  members. 

Mr.  Pyle  (West  Chester,  Pa.):  I  ask  Mr.  McGee 
how  he  handles  installations  where  he  has  steam  heat- 
ing to  do  where  buildings  are  already  piped  for  steam 
heating  and  he  wants  to  take  on  that  business ;  that 
is,  how  he  handles  that  business  with  his  system  of 
hot-water  heating. 

Mr.  McGee  :  We  can  use  steam  radiators  for 
hot  water  by  tapping  a  small  screw  in  the  top  of 
each  section.  This  is  used  to  let  out  the  air  when 
radiators  are  filled  with  water  at  the  beginning  of  the 
season ;  after  that  it  requires  no  attention. 

In  regard    to    piping,  any  two-pipe   steam   job    can 
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be  made  to  convey  hot  water  with  very  little  change. 
It  is  absolutely  necessary  to  have  two  connections  to 
each  radiator  to  obtain  circulation. 

Mr.  Odwine  (Springfield,  111.):  I  ask  Mr.  McGee 
if  he  recommends  the  company's  installing  the  radia- 
tion, or  whether  he  has  outside  steam  fitters  to  do 
this  work. 

Mr.  McGee  :  We  find  that  it  is  much  more  sat- 
isfactory to  do  the  fitting  ourselves.  It  is  almost 
impossible  to  get  the  ordinary  heating  contractor  to 
follow  instructions ;  he  usually  has  his  own  ideas,  and 
we  find  it  difficult  to  get  him  to  make  necessary 
changes  when  he  is  at  fault.  We  have  installed  95 
per  cent  of  our  radiation,  and  wish  we  had  done  it  all. 

Mr.  Odwine  :  Do  you  do  it  at  cost  or  do  you 
make  a  profit  on  it? 

Mr.  McGee:  We  cleared  $2,000  on  the  work 
last  year.  We  do  not  find  it  necessary  to  do  the  work 
without  a  profit. 

The  four  papers  which    follow  were    read    by  title : 


ARE  FREE  LAMP  RENEWALS  DESIRABLE 


J.   ENGLISH 


Fifteen  years  ago,  after  a  careful  consideration  of 
this  problem  as  it  affected  those  companies  that  I 
was  managing,  and  after  some  experimenting  with  the 
other  method  of  charging  for  renewals,  we  adopted 
the  plan  of  free  renewals,  and  have  found  it  beneficial 
and  wise. 

We  found  that  when  the  customer  paid  for  his 
renewals  a  large  portion  of  them  would  burn  the 
lamps  until  they  were  '*  black  in  the  face;"  that 
renewals  would  only  be  made  by  them,  practically, 
when  the  lamps  broke.  This  resulted  in  extremely 
poor  lighting  service.  We  could  devise  no  way  to 
induce  the  user  to  renew  his  lamps  with  even  reason- 
able frequency  as  long  as  he  had  to  pay  anything  for 
the  lamp,  but  that  he  would  let  the  lamps  burn  until 
they  broke,  and  complain  to  us  that  our  service  was 
poor.  It  was  very  evident  that  we  could  not  expect 
to  render  satisfactory  service  under  such  conditions, 
and  unless  our  service  was  good  other  illuminants 
would  take  its  place. 

A  short  experience  in  renewing  lamps  demonstrated 
the  fact  that  if  we  were  to  do  this  work  advantageously 
some  definite  system  should  be  employed.  The 
necessities  of  such  a  system  seem  to  be  that : 

First — Lamps  should  be  renewed  often  enough  to 
insure  the  lamps  in  service  maintaining  a  given  candle 
power  during  that  service,  or  a  limitation  in  fall  of 
candle  power. 
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Second — The  renewals  should  be  made  in  such  a 
manner  as  to  cause  no  annoyance  to  the  user. 

Third — Renewals  should  be  made  often  enough 
to  obviate,  practically,  the  necessity  for  customers 
ever  calling  for  new  lamps  to  replace  those  burned 
out. 

Fourth — The  system  adopted  should  be  one  that 
would  effect  the  desired  end  in  the  most  economical 
manner  to  the  company. 

Referring  to  the  first  requirements,  we  determined 
that  a  variation  of  two  candles  during  the  use  of  the 
lamp  was  as  large  as  would  furnish  satisfactory  service. 
Testing  soon  demonstrated  the  fact  that  with  three- 
and-a-half  watt  lamps  we  could  not  get  an  average 
burning  of  over  four  hundted  hours  and  keep  the 
lamp  within  the  above  limits.  In  the  early  days  we 
did  not  in  practice  obtain  such  good  results,  but  with 
the  gradual  improvement  in  the  lamp  we  have  reached 
a  point  where  each  and  every  lamp  we  put  out  can 
be  relied  upon  to  maintain  its  light  within  the  limit. 
Starting  at  sixteen-candle-power  they  will  all  be  at 
least  fourteen-can die-power  after  four  hundred  hours' 
burning. 

We  therefore  adopted  a  principle  that  all  lamps  on 
our  circuits  should  be  changed  once  in  four  hundred 
hours.  It  was  quite  clear  that  with  a  widely  varying 
character  of  service  if  we  changed  uniformly  all  lamps 
at  a  given  date  we  should  remove  many  that  had 
burned  but  a  few  hours  and  were  good  for  many 
hours  longer.  It  was  equally  plain  that  we  could  not 
assort  these  lamps  in  the  places  of  installation,  but 
we  could  bring  all  of  them  in  to  the  station  and 
then  sort  them  by  a  photometer,  discarding  all  lamps 
that  were  not  six  teen-can  die-power  and  putting  in 
stock,  to   go   out   again,   all  that  were   sixteen-candle- 
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power.  This  method  we  have  followed  in  our  different 
stations  for  over  seven  years.  We  change  every 
lamp  on  our  mains  four  times  per  year,  usually  in 
February,  May,  August  and  November.  We  find 
that  this  results  in  very  few  lamps  having  been  used 
over  four  hundred  hours.  We  find  that  forty  per 
cent  of  the  lamps  we  have  changed  and  brought  in 
are  sixteen-candle-power,  and  all  right  to  go  out  again. 

The  results  of  this  method  have  been  fine,  and  the 
experience  of  ten  years  has  demonstrated  : 

First — That  all  our  lamps  while  in  service  are  at 
least  fourteen-candle-power,  or  not  at  any  time  during 
their  service  more  than  two  candles  below  the  initial 
candle  power. 

Second — That  this  method  delights  the  users,  who 
feel  they  are  really  getting  something  for  nothing. 
That  we  no  longer  have  occasion  to  send  out  lamps 
between  periods  of  changes,  and  rarely  hear  of  a 
broken  lamp. 

Third — That  the  cost  to  the  company  of  this 
method  is  at  least  no  greater  than  that  of  the  ordinary 
method  of  making  free  renewals. 

Fourth — That  the  general  effect  on  our  business 
has  been  remarkably  satisfactory ;  that  our  lighting  is 
good,  better  than  any  I  have  ever  had  occasion  to 
examine. 

Fifth — That  we  have  now  passed  beyond  the  point 
of  complaints  of  service,  so  much  so  that  we  rarely 
see  or  hear  from  a  user,  unless  it  be  on  the  question 
of  rates. 

Generally,  therefore,  I  have  not  the  slightest  hesi- 
tation in  saying  that  in  my  opinion  no  electric  light- 
ing company  can  afford  to  do  business  in  the  old 
ways,  and  that  the  sooner  lighting  companies  recog- 
nize the  inherent  weakness   of   the   incandescent  lamp 
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itself,  and  devote  their  energies  to  attempting  to 
obviate  the  ill  effects  of  this  fault  on  the  business, 
the  more  successful  they  will  be. 


F.    ELLWOOD   SMITH 

I  used  to  believe  that  a  lighting  company,  whether 
it  were  a  gas  company  or  an  electric  light  company, 
should  own  nothing  whatever  inside  of  a  customer's 
building  except  the  meter ;  that  the  customer  should 
provide  all  the  necessary  shut-off s,  pipes  or  wires,  the 
fixtures,  and  the  gas  burners  or  the  electric  lamps. 
The  business  of  a  gas  company  being  to  furnish  gas 
and  that  of  an  electric  company  being  to  furnish 
electricity,  I  claimed  that  the  company's  responsibility 
ceased  when  it  had  delivered  the  goods  of  proper 
quality  and  quantity  at  the  meter.  Theoretically,  this 
may  be  true,  but  practically  it  is  not  the  best  method. 
If  customers  use  arc  lamps  it  is  almost  necessary  that 
the  company  furnish  and  care  for  the  lamps,  and  I 
think  that  all  electric  light  managers  are  agreed  on 
this  point.  In  the  matter  of  furnishing  incandescent 
lamps,  however,  there  is  a  difference  of  opinion,  and 
incandescent  lamps  are  furnished  on  a  number  of 
plans. 

In  my  own  experience,  for  a  number  of  years  I 
required  my  customers  to  buy  all  their  lamps ;  either 
from  our  company  at  cost,  or  elsewhere  if  they  saw 
fit.  They  usually  saw  fit  to  buy  elsewhere,  getting  an 
inferior  lamp  for  less  money,  or  not  buying  at  all, 
and  thus  not  using  the  electricity.  To  the  average 
customer  all  incandescent  lamps  are  alike,  except  that 
some  are  marked  sixteen-candle-power  and  others 
twenty-four-candle-:power,  eight-candle-power,  etc.    The 
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customers  know  and  care  nothing  about  voltage  and 
efficiency.  I  have  found  lamps  used  on  our  circuits 
consuming  five  watts  per  candle  power,  and  the 
customer  thought  he  was  getting  a  bargain  when  he 
bought  this  lamp  for  fifteen  cents  instead  of  paying 
us  twenty  cents  for  one  of  our  lamps,  which  would 
consume  only,  3.1  watts  per  candle  power.  Many  a 
time  I  have  found  iio-volt  lamps  on  our  104-volt 
circuit  and  customers  finding  fault  with  us  because 
they  did  not  get  a  good  light.  When  customers  have 
to  pay  for  new  lamps  they  will  use  the  old  lamps  just 
as  long  as  they  will  burn  ;  and  if  one  lamp  does  not 
give  light  enough,  two  must  be  used,  and  then  the  bill 
is  large  and  the  customer  has  a  double  kick  coming  to 
the  company :  the  light  is  dim  and  the  bill  is  large. 
Under  such  conditions  the  frequent  result  is  a  notice 
to  the  company  to  discontinue  the  service. 

Several  years  ago  I  retained  a  number  of  custom- 
ers that  were  dissatisfied,  by  simply  giving  them  a  few 
new  lamps  and  proving  to  them  that  the  trouble  was 
in  the  lamp  and  not  with  the  current.  The  results 
were  so  satisfactory  in  such  cases  that  I  was  obliged 
to  become  converted  to  the  free-renewal  belief  and 
'  to  give  my  customers  a  new  lamp  for  every  old  lamp 
returned.  It  is  impossible  to  educate  customers  so 
that  they  will  buy  good  lamps  when  needed,  and, 
therefore,  in  order  to  give  good  service  the  company 
must  take  the  matter  into  its  own  hands  and  give 
free  renewals. 

The  cost  of  the  lamps  is  a  necessary  expense,  just 
as  much  so  as  is  fuel.  A  customer  using  a  dim  lamp 
of,  say,  twelve-candle-power,  is  paying  for,  say,  thirty- 
seven  watts.  You  give  him  a  new  lamp  giving  six- 
teen-candle-power  and  consuming,  say,  fifty  watts, 
and  he  will  be  satisfied  with  the   light   and  willing  to 
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pay  for  the  additional  current.  You  will  very  soon 
get  back  the  cost  of  the  lamp  and  get  an  increased 
revenue  and  a  satisfied  customer.  I  urge  our  custom- 
ers to  change  their  lamps  often,  and  if  a  lamp  is  dim 
to  remove  it.  This  request  is  printed  on  every 
monthly  bill.  We  do  not  give  new  lamps  in  exchange 
for  broken  lamps,  and  exchange  free  only  eight-candle- 
power,  sixteen-candle-power  and  twenty-four-candle- 
power  lamps.  We  sell  new  lamps  of  these  candle- 
powers  to  our  customers  at  ten  cents  each.  We  will 
get  for  our  customers  any  other  style  of  lamp  and 
charge  them  the  actual  cost  to  us. 

I  have  not  adopted  the  method  of  sending  men  to 
the  customer's  house  and  replacing  his  lamps,  but  I 
try  to  keep  the  dim  lamps  weeded  out  by  circulars 
and  notices  on  the  monthly  bills.  This  plan  works 
fairly  well,  and  I  do  not  often  have  complaint  of  dim 
lights.  I  confess,  however,  to  believing  that  a  periodi- 
cal systematic  renewal  of  all  lamps  on  the  circuits  is  a 
very  good  thing. 

All  lamps  returned  are  photometered,  and  if  of 
sufficient  candle  power  are  put  into  stock  to  be  used 
again.  We  retain  those  giving  fourteen-candle-power, 
and  use  them  near  the  centre  of  distribution,  where 
the  voltage  is  a  little  greater. 

I  do  not  believe  in  furnishing  free  the  first  installa- 
tion of  lamps,  especially  in  residences,  because  in  a 
great  many  instances  the  return  per  lamp  will  be  very 
small,  and  I  believe  that  the  cost  of  the  first  lamps 
will  not  keep  away  any  desirable  customers.  I  believe 
that  every  company  famishing  electric  current  for 
incandescent  lighting  ought,  for  its  own  good,  to 
furnish  free  incandescent  lamp  renewals. 
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F.  W.  LITTLE 

The  question  of  free  lamp  renewals  has  been  but 
lately  considered  by  the  Peoria  Gas  and  Electric  Com- 
pany, and  we  have  had  no  opportunity  to  observe  the 
results  of  such  a  policy  in  this  community.  The 
supply  business  of  this  city  has  been  carried  on 
entirely  by  the  local  supply  companies,  under  a 
general  understanding  that  we  would  not  interfere  in 
their  territory  further  than  selling  incandescent  lamps 
at  practically  cost 

Our  rates  for  electric  current  are  very  low,  being 
limited  by  the  terms  of  the  ordinance  under-  which 
we  are  working  to  ten  cents  per  kilowatt  hour  as  a 
maximum. 

During  the  last  three  years  we  have  entirely 
remodeled  our  generating  plant  and  distributing 
system,  entailing  a  large  expense,  and  requiring  a 
change  of  voltage  of  our  secondaries  from  52  to  104 
volts,  thus  necessitating  a  change  in  consumers'  lamps. 
This  was  done  by  an  exchange  on  the  basis  of  a 
charge  of  twenty  cents  for  each  new  104-volt  lamp 
and  an  allowance  of  ten  cents  for  each  52-volt  lamp 
replaced.  This  resulted  in  bringing  up  the  incandes- 
cent lamps  on  our  system  to  a  very  good  standard  at 
a  low  cost  to  the  consumer. 

The  above  conditions  have  delayed  our  making 
any  reduction  in  the  selling  price  of  lamps.  We  are 
now,  however,  considering  selling  lamps  at  cost  and 
renewals  at  a  nominal  price  where  consumers  turn  in 
burned-out  lamps  of  the  brand  we  handle.  We 
t^elieve  this  will  insure  the  use  of  first-class  lamps  on 
our  circuits  and  the  freer  use  of  current,  due  to  the 
low  cost  of  the  lamps,  without  entirely  cutting  off 
the  revenue  from  lamp  §ales.      If  results  indicate  that 
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the  step  is  unprofitable,  the  loss  will  not  be  as  serious 
as  if  we  furnished  free  renewals ;  while  if  results 
indicate  that  a  further  reduction  in  the  price  of  lamps 
would  be  advantageous,  we  are  in  favorable  position 
to  make  it.  The  renewal  of  lamps  at  a  low  cost,  or 
free  of  cost,  to  the  consumer  must  be  considered 
largely  as  an  advertisement  and  a  talking  point  in 
favor  of  the  use  of  electric  current  in  preference  to 
other  forms  of  light.  But  where  established  rates  for 
current  are  such  that  concessions  must  be  carefully 
counted  before  being  allowed,  we  think  it  good 
policy  to  make  each  concession  count  for  as  much  as 
possible. 

W.  J.  GREENE 

From  1888  to  1893,  free  lamp  renewals  were 
furnished  by  us.  In  1892  it  became  evident  that  the 
net  earnings  were  not  keeping  proper  pace  with  the 
growth  of  the  plant  and  the  increased  investment.  In 
1893  this  condition  became  critical,  and  a  change  of 
some  kind  became  imperative.  Two  reforms  were 
instituted :  one,  the  adoption  of  a  minimum  charge 
proportional  to  the  maximum-burning  lamps ;  the 
other,  the  discontinuance  of  free  lamp  renewals.  The 
desired  results  followed.  These  changes  were  soon 
followed  by  the  adoption  of  a  two-rate  system  in 
connection  with  the  minimum  charge,  so  that  con- 
sumers upon  whom  fell  the  heavier  cost  of  lamp 
renewals  were  many  times  compensated  for  such 
expense  by  the  lower  cost  of  service. 

The  reasons  originally  advanced  in  favor  of 
charging  for  lamp  renewals  were : 

First — Reduction  in  operating  expenses. 

Second — Consumers  had  been  accustomed  to  main- 
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taining  equipments  in  all  other  methods  of  lighting, 
except  arc  l^mps,  and  this  company  considered  lamp 
renewals  a  legitimate  expense  to  be  borne  by  con- 
sumers. Nearly  all  of  our  customers  concurred  in 
this  view. 

The  reasons  for  continuing  present  arrangements 
until  such  time  as  local  conditions  may  make  desirable 
the  furnishing  of   free  lamp  renewals,  are : 

Ftr^f — The  rapid  increase  of  business,  in  the  face 
of  hard  competition  with  gas,  being  difficult  to 
provide  for  with  increased  capacity,  owing  to  manu- 
facturing delays  and  engineering  difficulties,^— makes 
any  check  to  growth,  as  may  result  from  charging 
for  lamp  renewals,  desirable^ 

Second — Lack  of  facilities,  under  present  office 
arrangements,  to  carry  a  supply  of  lamps  and  con- 
veniently serve  consumers  with  lamps. from  the  office. 
Lamps,  supplies  and  construction  work  are  furnished 
by  local .  supply  houses,  who  are,  on  the  whole,  fur» 
nishing  consumers  with  a  good  lamp  at  figures  slightly 
in  advance  of  cost. 

Third — Advantages  accruing  to  supply  houses  from 
handling  lamps  and  the  better  service- they  can  render 
us  in  return. 

/^c7«r/i4— Avoidance  of  the  extra  time  required  on 
the  part  of  the  management,  and  extra  cost  of  rental 
for  storage  room,  labor  and  lamps. 

FRANCIS  W.  WILLCOX 

Electric  lighting  has  been  largely  built  up  on  gas 
practice,  and  the  custom  of  making  the,  consumer 
supply  his  own  lamps,  where  it  exists  to-day,  is  a 
direct  inheritance  from  the  practice  followed  in  gas 
lighting  of  having  the  burners  supplied  by  the  con- 
sumer. 
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With  the  old  simple  tip  burner  it  made  little 
difference  in  gas  lighting,  since  the  burner  was  a 
simple  mechanical  device,  which  if  kept  clean  would 
not  deteriorate,  and  could,  therefore,  be  used  indef- 
initely. It  made  no  practical  difference,  therefore, 
whether  the  consumer  supplied  them  or  not.  The 
quality  of  the  gas  and  not  the  burner  determined  the 
character  of  lighting  service. 

With  incandescent  lamps  the  case  is  quite  different, 
the  lamp  being  a  complicated  device  in  its  operative 
results,  requiring  technical  knowledge  to  select  the 
best  type  and  proper  efficiency.  It  also  steadily 
(deteriorates  in  service,  requiring  replacement  at  fixed 
periods  to  maintain  lighting  results.  In  other  words, 
we  have  here  a  case  in  which  the  burner  (t.  e.,  the 
lamp)  is  a  feature  having  a  large  influence  on  results. 

With  the  introduction  of  Welsbach  lamps  in  gas 
lighting  we  have  a  burner  quite  similar  in  character 
and  in  results  to  the  incandescent  lamp.  It  would 
be  natural  to  expect,  therefore,  that  the  same  necessities 
that  have  caused  so  many  electric-lighting  companies 
to  provide  for  the  supply  of  the  lamps  to  their  con- 
sumers, would  cause  gas  companies  to  take  up  the 
supply  and  maintenance  of  Welsbach  mantles. 

la  point  of  fact  we  find  this  very  practice  becom- 
ing adopted  by  gas  companies,  as  can  be  seen  from 
the  subjoined  accounts.  The  arguments  and  reasons 
given  for  the  step  are  exactly  similar  to  those  found 
and  advanced  for  free  electric-lamp  renewals,  proven 
and  established  by  practical  experience  with  the 
Welsbach  lamp  in  service.  The  result  is,  I  think, 
quite  positive  and  conclusive  testimony  in  favor  of 
free  lamp  renewals  for  electric-lighting  companies. 
There  is  this  difference  to  be  noted  b^ween  Wels- 
bach mantles   and    incandescent  lamps.     The  Welsbach 
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mantle  is  a  delicate  device  and  may  be  readily  broken 
with  no  evidence  to  show  whether  it  failed  of  its 
own  accord  or  was  deliberately  broken.  It  would, 
therefore,  seem  necessary  to  make  some  nominal 
charge  for  renewals  to  prevent  fraud  on  the  part  of 
the  coAsumer.  This  necessity  does  not  exist  with 
incandescent  lamps,  which  can  be  readily  broken  only 
by  destruction  of  bulb,  thus  giving  evidence  of 
forcible  or  deliberate  breakage.  Free  electric-lamp 
renewals  are,  therefore,  wholly  practical  as  not  liable 
to  cause   any  loss  from  fraud. 


WHAT  IMPROVEMENT  IS  DESIRED  IN  METERS 


ROBERT    FERRIS 


Considering  the  improvements  in  meters  during 
the  last  few  years,  it  may  be  reasonable  to  expect 
still  further  improvements  along  this  line.  Perhaps 
the  greatest  improvement  would  be  that  which  would 
eliminate  the  possibility  of  a  meter's  being  stopped 
when  it  should  be  in  motion.  The  success  of  a  meter 
depends  largely  upon  the  friction  of  all  moving  parts 
being  reduced  to  a  minimum.  Anything  that  would 
replace  to  advantage  the  pivot  and  jewel,  without 
sacrifice,  would  be  an  improvement ;  for  if  we  can 
keep  a  meter  in  motion,  it  should  be  easy  enough 
to  keep  it  in  calibration. 

The  efficiency  of  meters  is  something  of  import- 
ance, yet  a  meter  should  have  plenty  of  torque. 
While  it  is  possible  to  save  considerable  by  having 
efficient  meters,  it  is  also  possible  to  lose  considerably , 
more  by  having  meters  that  will  not  stand  up  on 
light  loads. 

Durability,  then,  is  another  consideration,  which 
with  reference  to  meters  means  that  a  meter  can  be 
put  in  service  and  remain  there  without  additional 
cost,  whether  in  the  shape  of  attention,  repairs,  or 
loss  of  revenue. 

Credit  should  be  given  the  engineering  forces  of 
the  manufacturers  of  meters,  for  they  have  given  us 
what  we  have.  They  may  be  accused  of  developing 
the  idea  of  some  fellow  who  in  an  unguarded  moment 
let  some  salesman   **in  on  it,"  but  even  at  that  they 
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should  have  credit  for  the  development.  If  any  of 
us  have  ideas  that  lean  toward  improvements,  we 
should  be  willing  to  see  them  developed  if  we  can 
find  anyone  that  will  spend  his  money  to  do  it. 

It  is  rather  hard  to  say  just  what  improvement  is 
most  desired  in  meters,  for  we  find  ourselves  pitted 
against  the  engineering  forces  of  all  the  manufacturers, 
and  it  is  known  that  there  are  many  who  are  trying 
to  make  a  living  trying  to  produce  that  improvement. 
A  few  suggestions  might  be  made  that  would  at  least 
furnish  something  for  the  engineers  to  work  on,  and 
after  submitting  mine  I  should  be  glad  if  I  could 
know  that  I  was  forgiven.  They  are :  A  universal 
meter  in  size  and  style;  a  backboard  for  meters,  of  a 
standard  pattern,  which  could  be  adapted  to  meters 
of  any  make  on  the  market ;  a  registering  dial  that 
would  read  directly  in  dollars  and  cents,  or  if  not 
that,  then  the  adoption  as  a  standard  of  direct-reading 
dials  and  a  simple  tell-tale  hand  on  clock  for  calibrat- 
ing purposes ;  a  meter  that  would  take  the  place  of 
the  combination  of  watt  and  discount  meters,  having 
the  effect  of  registering  at  different  rates  of  speed, 
which  would  be  governed  by  the  load  that  was 
passing.  To  illustrate :  If  we  had,  say,  a  loo-volt 
wattmeter  of  25-ampere  capacity,  instead  of  showing 
a  straight  line  from  five  per  cent  of  its  capacity  to 
full  load,  the  meter  speed  would  represent  at  full  load 
accurate  registering,  and  as  the  load  dropped  the 
proportional  rate  of  registering  would  be  a  certain 
per  cent  slow  or  fast. 

If  it  were  wanted  to  increase  the  hours  of  lighting 
on  a  twenty-four-hour  service,  the  first  method  would 
apply ;  and  in  the  stations  where  only  night  service 
is  given  and  it  is  wanted  to  increase  the  quantity  of 
lighting   for   short   hours,  the   latter  would  apply.     Of 
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course  the  reading  would  not  show  the  actual  watt 
hours  consumed,  but  that  need  not  be  a  serious 
objection.  The  reading  could  be  called  units  and  the 
price  would  be  so  much  per  unit,  and  instead  of  dis- 
counting bills,  we  should  find  that  the  meter  had 
already  taken  care  of  that. 

CLIFFORD   A.   WHITE 

From  a  commercial  point  of  view,  the  following 
considerations  regarding  electric  meters  appeal  to  me 
in  my  capacity  as  cashier  of  an  electric  company  : 

The  electric-lighting  business  is  full  of  mysteries 
to  the  general  public  with  whom  it  has  to  deal,  and, 
consequently,  anything  not  easily  understood  arouses 
suspicion  immediately.  Therefore,  anything  that  con- 
cerns the  public  should  be  as  simple  as  possible. 

The  meter  dial  should  read  direct  in  kilowatt 
hours,  thereby  eliminating  the  use  of  the  constant  and 
the  use  of  two  terms,  kilowatt  hour  and  watt  hour  ; 
there  should  also  be  a  hand  on  the  dial  for  testing 
purposes. 

The  term  kilowatt  hour  is  not  easily  explained 
understandingly,  but  as  this  is  the  most  appropriate 
and  generally  accepted  unit  of  electrical  energy  it 
would  be  highly  impracticable  to  adopt  any  other 
term,  and  the  public  must  be  educated  to  its  meaning. 

Nearly  all  meters  now  in  use  register  in  watt 
hours,  thus  making  necessary  the  use  of  two  terms, 
which  is  confusing  to  the  uninitiated.  The  average 
price  for  current  is  twenty  cents  per  kilowatt  hour, 
which  will  continually  grow  less  rather  than  more ; 
therefore  the  kilowatt  hour  should  be  the  unit  to  use, 
as  by  adopting  the  rule  of  reading  in  every  case  the 
figures  the  hand  has  passed  on  the  unit  dial,  the  error 
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in  reading  would  never  amount  to  more  than  ten 
cents  to  the  customer,  and  the  total  sales  of  the  com* 
pany  would  not  be  affected  at  all.  The  new  meters 
now  being  placed  on  the  market  register  in  watt 
hours,  which  is  a  great  improvement  over  those  that 
required  the  use  of  a  constant ;  but  a  direct-reading 
dial  should  be  designed  to  replace  those  now  in 
service  having  constants.  This  does  not  seem  a 
mechanical  impossibility,  and  if  the  cost  were  reason- 
able it  would  be  generally  adopted.  The  constant  has 
always  been  a  perpetual  source  of  annoyance  and  error. 
Its  use  makes  a  great  deal  more  work  in  the  book- 
keeping department,  and  complicates  the  rendering  of 
bills  correctly,  consequently  creatiog  a  continual  and 
unnecessary  expense  in  the  office.  It  is  next  to 
impossible  to  make  the  average  customer  understand 
its  meaning,  and  it  should  be  returned  to  the  labora- 
tory whence  it  originated,  never  to  be  resurrected. 

Testing  should  be  done  at  the  dial  rather  than  at 
the  disk ;  for  while  the  chance  for  error  between  thfese 
two  points  is  slight,  by  making  the  test  at  the  dial 
that  chance  is  reduced  to  a  minimum. 

The  business  is  every  year  becoming  more  com- 
plicated, and  any  suggestions  that  tend  to  simplify 
matters  should  receive  the  attention  of  station  man- 
agers and  manufacturers  alike,  especially  those  that 
directly  concern  the  public,  for  the  simpler  and  more 
easily  understood  such  matters  are,  the  better  satisfied 
the  public  is,  and  satisfaction  brings  more  business. 

H.  H.  SCOTT 
The    present    inductor-type    meter    is    fairly    satis- 
factory,   but    is    susceptible    of    improvements.       The 
meter   should    be   as   light  as  possible,  and,  apparently, 
the    lighter  the    moving   parts,    the    more    durable    the 
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jewel.  Constants  should  be  eliminated ;  the  dials 
should  be  enlarged  and  placed  nearly  flush  with  the 
front  of  the  meter.  The  meter  should  read  directly 
in  kw-hours,  for  the  dial  indicating  fractions  of  a  kw- 
hour  is  of  no  benefit  and  only  adds  a  factor  for  error. 

The  maximum  capacity  of  a  meter  depends  to  a 
very  large  extent  upon  its  ability  to  dissipate  heat. 
Therefore  the  resistance  of  the  series  coil  should  be 
made  as  low  as  possible,  taking  into  consideration, 
however,  the  bulk  and  weight  of  meter.  Central 
stations  want  a  meter  of  uniform  rated  size  for  resi- 
dence lighting,  which  will  take  care  of  any  ordinary 
installation.  To  do  this,  the  meter  must  be  able  to 
withstand  a  very  considerable  overload  for  at  least  a 
short  time ;  must  register  this  overload  without  any 
appreciable  error,  and  still  maintain  its  accuracy  on 
the  starting  loads. 

The  total  resistance  loss  in  the  shunt  and  series 
coils  represents  the  heat  by  multiplying  watts  lost  by 
3.41,  the  product  equaling  the  heat  in  B.  T.  W*s. 

The  loss  in  the  shunt  coil  is  constant,  24  hours  in 
a  day,  365  days  in  a  year,  and  therefore  every  watt 
thus  lost  represents  a  yearly  loss  of  8.8  kw-hours.  The 
drop  in  the  series  coil  affects  our  regulation,  and  this 
is  another  reason  why  minimum  loss  is  desirable.  In 
this  connection,  if  you  will  take  the  trouble  to  test 
any  or  all  of  our  well-known  meters  for  accuracy  on 
overloads  to  the  point  of  a  breakdown,  the  results 
may  be  of  much  interest.  Such  a  test  will  probably 
show  you  that  some  meters  are  accurate  as  high  as 
500  per  cent  rated  capacity,  and  the  shellac  will  not 
vaporize  until  700  per  cent  is  reached,  while  others 
will  bum  at  300  per  cent  or  less. 
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Many  stations  are  gradually  changing  from  125  or 
133  cycles  to  a  lower  frequency,  possibly  changing 
ampere-hour-meters  to  wattmeters  at  the  same  time. 
The  performance  of  a  meter  running  on  the  higher 
frequency  while  adjusted  for  the  lower,  will  probably 
show  that  it  might  have  been  well,  after  all,  to  have 
left  the  old  meters  in  service  until  the  change  of 
frequencies  had  been  completely  effected. 

Meters  should  be  so  made  that  their  adjustment 
for  accuracy  on  starting  and  inductive  loads  is  a  com- 
paratively easy  matter.  We  want  an  accurate  meter 
on  light  loads.  Therefore  an  easy  adjustment  for 
such  loads  and  an  adjustment  for  creeping  are  essential. 
Manufacturers  should  take  especial  care  in  the  selec- 
tion of  the  permanent  magnets,  for  undoubtedly  much 
of  our  trouble  with  old-type  meters  is  due  to  the 
aging  of  the  magnets. 

The  tendency  of  the  designers  of  several  well- 
known  meters  is  toward  a*  higher  speed  at  rated  load. 
The  moving  parts  have  been  made  lighter,  but,  not- 
withstanding this,  will  not  this  higher  speed  necessi- 
tate our  more  frequent  inspection  of  the  jewels  or 
bearings  ? 


LIQUID   FUEL 


JAMES  W.  WARREN 

The  chemical  composition  of  liquid  fuel  and  its  calo- 
rific value  as  compared  with  that  of  solid  fuels,  have 
been  so  ably  presented  in  various  papers  that  it  is 
hard  to  find  an  opening  to  introduce  new  matter  on 
this  very  interesting  subject. 

The  State  of  California,  while  prolific  in  natural 
resources  for  the  support  and  comfort  of  mankind,  is 
a  little  shy  on  coal;  but,  though  lacking  the  solid  car- 
bon, we  are  blessed  with  an  increasing  volume  of 
hydrocarbon,  and  the  daily  uncovering  of  new  oil- 
producing  fields  in  Southern  California  assures  the 
steam  user  of  an  abundant  supply  of  liquid  fuel.  Not 
alone  on  terra  Jirma  is  the  rhythmic  bump  of  the 
oil-well  drill  heard,  but  on  the  bosom  of  the  Pacific 
the  drill  goes  down  into  the  bed  of  the  old  ocean, 
and,  tapping  the  oil  strata,  we  draw  from  under  the 
mighty  deep  millions  of  gallons  of  liquid  fuel. 

The  discovery  of  liquid  fuel  in  such  large  quanti- 
ties in  Southern  California  has  made  its  use  general 
for  all  manufacturing  purposes,  also  for  the  burning  of 
brick,  oiling  roads  to  subdue  the  dust,  for  smudge 
fires  to  temper  Jack  Frost,  for  malt  houses,  for  all 
steam  railroads  in  Southern  California,  and  for  crema- 
tories. 

The  petroleum  oils  of  Southern  California  are  of 
an  asphaltum  base  and  carry  with  them  about  thirty 
per  cent  of   asphalt.     There  being   little  paraffin  and  a 
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comparatively  small  amount  of  illuminating  oil  in  their 
composition,  distillation  is  not  as  general  as  with  east* 
em  petroleums.  The  greater  amount  of  distillation  of 
the  local  petroleum  is  for  the  large  quantities  of 
asphalt  it  carries,  this  asphaltum  finding  a  ready  market 
here  and  in  the  eastern  states. 

The  liquid  fuel  from  our  local  oil  fields  is  pumped 
from  wells  within  the  city  limits.  Ttese  wells  average 
I, GOO  feet  in  depth.  The  oil  carries  in  suspension 
considerable  sand  and  water,  for  the  removal  of  which 
storage  and  heating  are  required.  This  oil  is  delivered 
to  consumers  in  tank  wagons  of  about  twenty-barrel 
capacity.  When  the  oil  is  delivered  to  the  consumer 
a  sample  is  taken  from  the  wagon  and  tested  for 
temperature,  gravity  and  percentage  of  water.  The 
average  temperature  is  jo"  Fahrenheit,  the  average 
gravity  is**  Beaume,  and  the  percentage  of  water 
averages  about  six  per  cent  of  the  load  in  the  wagon. 
The  method  of  determining  the  amount  of  water  in 
the  oil  is  by  the  gasoline  test.  This  test  is  made 
with  a  test-tube  holding  loo  cubic  centimeters  and 
graduated  in  one-hundredths.  The  tube  is  filled  with 
fifty  cubic  centimeters  of  the  oil  test  and  fifty  cubic 
centimeters  of  gasoline.  By  agitating  the  mixture 
thoroughly  the  gasoline  cuts  the  envelope  of  oil  that 
surrounds  the  globules  of  water  in  the  oil,  allowing 
the  water  to  precipitate  itself  to  the  bottom  of  the 
tube.  The  percentage  of  water  that  gathers  in  the 
bottom  of  the  tube  determines  the  percentage  of  water 
in  the  load,  and  deductions  are  made  accordingly. 

The  low  gravity  and  high  flash  test  of  the  local 
oil  make  it  perfectly  safe  for  use  under  boilers  and  in 
storage.  Loss  by  evaporation  due  to  exposure  to  the 
heat  of  the  sun  is  comparatively  small. 

The  method  of  handling  the.  liquid  fuel  at  the  gen- 
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crating  station  of  The  Los  Angeles  Electric  Company 
is  as  follows :  The  fuel  is  pumped  from  the  main 
storage  tank  to  the  furnace  supply  tank  of  loo-barrel 
capacity.  In  this  tank  the  oil  is  heated  to  80°  Fahren- 
heit. It  then  passes  to  a  pair  of  small  duplex  steam 
pumps  which  give  it  twenty  pounds  gauge  pressure. 
The  oil  then  traverses  pipes  within  the  breeching  of 
the  boilers,  which  heats  it  to  190**  Fahrenheit,  then  on 
to  the  burners.  The  burner  is  of  the  spray  type,  using 
steam  as  the  medium  of  spraying  the  oil.  These 
burners  consist  of  two  circular  disks,  one  and  one-half 
inches  in  diameter,  slotted,  and  arranged  in  such  man- 
ner that  the  oil,  fed  by  separate  pipe  to  the  lip  of  the 
upper  disk,  meets  the  steam  at  its  orifice  just  under 
this  lip.  This  steam  forms  a  fantail  spray  which  breaks 
up  the  oil  into  particles  sufficiently  small  to  ignite 
immediately  by  the  heat  of  the  brick  lining  of  the 
furnace  and  the  layer  of  bricks  upon  the  grate  bars. 
Each  one  of  these  burners  has  an  evaporation  efficiency 
of  3,000  barrels  of  water  per  hour  from  and  at  190** 
Fahrenheit.  The  sound  of  combustion  produced  by 
these  burners  is  comparatively  soft.  The  flame  fills 
the  furnace-box,  covering  the  entire  furnace-box  sheets 
of  the  boiler.  This  gives  active  heat  action  to  all  of 
the  evaporative  service  of  the  fire  sheets  without  unduly 
heating  any  one  particular  portion,  and,  at  the  same 
time,  perfect  combustion  is  taking  place,  as  denoted  by 
the  absence  of  any  colored  gases  leaving  the  stack. 

If  economy  in  the  use  of  liquid  fuel  is  to  be  con- 
sidered, a  high-temperature  thermometer  in  the  smoke 
stack  is  as  necessary  as  a  water-gauge  glass  on  a 
boiler,  for  by  the  thermometer  only  can  the  fireman 
graduate  the  amount  of  air  necessary  for  perfect  com- 
bustion. As  a  test  of  this,  our  fireman  can  raise  the 
temperature    of   the   gases   in    the   stack    from  450*^  to 
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6oo**  Fahrenheit  by  closing  the  ash-pit  doors  one  inch. 
By  the  use  of  the  thermometer  the  fireman  can  sa 
regulate  the  burners  under  each  boiler  that  it  will  da 
its  proportionate  amount  of  work.  This  is  very  essen- 
tial in  plants  working  many  boilers  set  in  batteries.  It 
is  an  important  point  that  the  evaporative  efficiency  of 
the  burners  should  be  kept  as  high  as  possible ;  that  is, 
the  burner  that  consumes  five  per  cent  of  the  steam 
which  it  evaporates,  should  not  be  allowed  to  consume 
twenty  per  cent,  which  it  might  do  if  not  judiciously 
controlled. 

In  summing  up  the  advantages  of  liquid  over  solid 
fuel  for  steam-generating  plants,  we  obtain  the  fol- 
lowing : 

Concentrated  form, 

Economy  of  handling. 

Increased  evaporative  efficiency, 

Cleanliness, 

Abatement  of  smoke  nuisance. 

Reduction  in  depreciation  account 

Reduction  in  repair  account, 

Reduction  in  sundries  account. 

Efficiency  in.  emergency. 
In  considering  the  comparative  storage  area  required 
for  coal  and  for  the  equivalent  amount  of  oil,  taking 
yard  storage  as  a  basis,  forty  per  cent  less  area  is 
required  where  oil  is  used.  In  the  floor  area  of  the 
fire  room  fifty  per  cent  less  floor  area  in  front  of  the 
boilers  is  required  when  oil  is  used  as  a  fuel.  In 
economy  of  handling,  the  complement  of  boiler-room 
help  is  reduced  fully  fifty  per  cent  and  the  transporta- 
tion of  ashes  is  entirely  eliminated. 

The  evaporative  efficiency  of  oil  as  compared  with 
the  same  weight  of  our  average  good  steam  coal,  is 
twenty-eight  per  cent  higher  than  that  of  the  coal. 

34 
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In  making  a  comparison  of  the  cleanliness  in  the 
use  of  oil  as  against  coal,  and  the  saving  gained,  the 
advantages  are  so  far-reaching  in  the  minor  items  that 
only  a  few  of  the  larger  savings  will  be  touched  upon. 
There  is  a  saving  of  seventy-five  per  cent  in  the  cost 
of  paint,  waste,  brooms,  tube  cleaners,  etc.,  required 
in  the  everlasting  removal  of  coal  dust,  dust  from 
ashes,  soot,  etc. 

The  use  of  liquid  fuel  solves  the  smoke  problem, 
as  smoke  issuing  from  a  stack  where  oil  is  used  for 
fuel  is  an  evidence  of  improper  combustion,  and  can 
be  avoided. 

The  use  of  liquid  fuel  reduces  the  deterioration  of 
steam-generating  apparatus  twenty-five  per  cent.  This 
is  effected  by  the  even  fire  of  fuel  oil,  there  being  no 
undue  strains  on  the  fire  sheets,  caused  by  the  frequent 
opening  and  closing  of  fire  doors,  as  in  the  use  of 
coal.  The  absence  of  large  amounts  of  sulphur  in  oil 
prevents  those  chemical  combinations  which  so  rapidly 
corrode  the  tube  ends.  Ashes,  lodging  in  obscure 
places  and  inaccessible  comers  of  the  boiler,  absorb 
moisture  and  form  a  strong  chemical  affinity  for  the 
parts  of  sheets  with  which  they  corae  in  contact,  caus- 
ing rapid  corrosion. 

As  to  the  reduction  in  repair  account,  the  cost 
of  renewing  the  lining  of  furnaces,  renewing  grate 
bars,  bridge  walls,  back  arches,  etc.,  is  reduced  eighty 
per  cent  by  the  use  of  liquid  fuel. 

In  the  reduction  of  the  sundries  account,  the  items 
of  coal  scoops,  slice  bars,  hoes,  firing  irons,  tube 
scrapers,  wheel-barrows,  water  hose,  steel  brooms,  wood 
for  starting  fires,  etc.,  are  entirely  wiped  out  when 
liquid  fuel  is  used. 

In  the  use  of  liquid  fuel  the  engineer  has  an  able 
assistant  to  help  him  out  in  case  of  an  emergency  call 


5^5 

upon  his  boilers.  If  required  to  raise  steam  rapidly 
he  can  do  so  without  endangering  the  burning  out  of 
his  boilers  as  greatly  as  when  coal  is  used.  '  On  the 
other  hand,  if  for  any  reason  it  is  necessary  to  shut 
the  fires  off  immediately,  it  can  be  done  without  the 
annoyance  and  danger  of  pulling  out  a  heavy  fire 
from  the  furnace. 

In  conclusion :  The  record  of  results  obtained  from 
the  use  of  liquid  fuel  in  Southern  California  stands 
out  so  prominently  in  favor  of  liquid  fuel  that  many 
of  the  larger  steam-generating  plants  in  the  northern 
part  of  this  state  have  abandoned  the  use  of  coal  in 
favor  of  liquid  fuel.  Its  simplicity  in  operation  and 
control,  and  the  low  cost  of  installation,  make  it  a 
desirable  factor  in  the  economies  of  a  steam  plant. 


H.  T.  EDGAR 

The  use  of  oil  under  boilers  is  by  no  means  a 
novelty,  but  a  practical  every -day  experience  with 
many  of  us.  No  doubt  a  great  many  members  are 
quite  familiar  with  burning  fuel  oil,  and  the  informa- 
tion contained  in  this  paper  will  not  be  new  to  them, 
but  to  those  of  you  who  are  not  familiar  with  the 
subject  a  few  facts  may  be  of  interest. 

To  the  people  of  Texas  the  fuel  oil  question  is 
one  of  vital  importance,  and  will  undoubtedly  do  more 
to  increase  her  manufacturing  interests  than  any  other 
one  industry  within  her  borders.  To  those  of  us  who 
have  been  compelled  to  burn  bituminous  coal  costing 
from  five  to  six  dollars  a  ton,  the  discovery  of  fuel 
oil  in  the  Beaumont  oil  fields  came  as  a  welcome 
relief,  as  its  use  as  a  fuel  has  relieved  us  of  those 
excessive   manufacturing  costs  that    were    a    constant 
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drain  on  our  resources.  There  is  undoubtedly  in 
existence  a  great  deal  of  data  on  the  subject  of  burn- 
ing oil,  as  very  extensive  experiments  have  been  made, 
but  this  paper  is  only  intended  to  treat  of  the  subject 
in  a  general  way. 

Fuel  oil  was  first  discovered  in  Lima,  Ohio,  in 
1885,  by  Mr.  Ben  Frotte,  who  was  boring  a  well, 
hoping  to  obtain  water  but  finding  oil  instead.  It 
has  been  discovered  in  many  parts  of  the  United 
States  and  Canada  since  that  time,  but  its  use  under 
boilers  at  Lima  is  supposed  to  have  been  the  first 
application  of  oil  as  fuel.  There  are  large  oil  wells  in 
Pennsylvania.  Ohio,  and  most  of  the  western  states, 
particularly  in  California.  In  most  of  these  places 
crude  oil  is  not  used  as  a  fuel,  but  is  refined  and  the 
by-products  used  for  burning.  The  oil  is  discovered 
at  different  depths  in  different  parts  of  the  country, 
and  varies  from  ninety  to  two  thousand  feet. 

Fuel  oil  was  discovered  at  Beaumont  in  January, 
1 90 1,  and  up  to  the  present  time  there  are  about  220 
six-inch  and  eight-inch  wells,  most  of  them  being 
from  one  thousand  to  one  thousand  and  fifty  feet  in 
depth.  A  great  many  of  these  wells  are  gushers,  but 
it  is  only  a  question  of  lime  when  the  oil  has  to  be 
pumped,  and  all  of  the  wells  will  sooner  or  later 
become  pumping  propositions. 

There  is  a  great  deal  to  be  written  in  regard  to 
the  burning  of  fuel  oil.  Its  economy  depends  entirely 
upon  the  style  of  the  boiler  and  the  manner  in  which 
it  is  handled.  In  some  places  fuel  oil  is  burned,  not 
because  it  is  cheaper  than  coal,  but  because  it  has  a 
great  many  advantages  over  coal.  We  find  in  the 
use  of  fuel  oil  that  it  increases  the  capacity  of  the 
boilers  slightly  and  the  capacity  of  the  chimney  about 
thirty  per  cent.     In   addition   to  this,  it  decreases  the 
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costs  in  the  fire  room.  It  is  necessary  to  employ, 
however,  in  the  fire  room  high-class  labor,  and  our 
experience  has  been  that  the  man  in  charge  must  be 
competent  and  fully  up  to  the  standard  of  a  first-class 
fireman,  for  while  there  is  not  much  hard  work  to  be 
done  the  entire  apparatus  requires  constant  and  intelli- 
gent care. 

The  high  price  of  coal  has  been  the  means  of 
inducing  all  steam  users  to  investigate  the  question  of 
fuel  oil,  and  it  is  being  put  in  use  very  rapidly. 
During  the  seasons  of  1901  and  1902  about  three  per 
cent  of  the  industries  of  Texas  were  burning  fuel 
oil,  and  the  calculations  are  that  during  the  seasons  of 
1902  and  1903  about  thirty  per  cent  of  the  industries 
will  be  using  it. 

There  has  been  considerable  anxiety  felt  as  to  the 
effect  of  fuel  oil  on  the  boilers  and  stack.  The  fol- 
lowing is  taken  from  a  letter  from  the  Chief  Inspector 
of  the  Hartford  Steam  Boiler  Inspection  and  Insur- 
ance Company  of  New  Orleans,  addressed  to  Mr. 
H.  F.  MacGregor,  President  of  the  Southwestern 
Gas,  Electric  and  Street  Railway  Association,  dated 
April  17th,  and  refers  to  the  experience  of  that  com- 
pany with  fuel  oil : 

**At  the  outset  our  inspectors  received  special 
instructions  concerning  the  new  fuel,  and  were 
cautioned  to  use  special  vigilance  to  the  end  that  its 
effects  on  the  boilers  under  our  charge  might  be 
ascertained  as  quickly  as  possible.  Thus  far  the 
closest  scrutiny  has  failed  to  reveal  any  deleterious 
effects  where  proper  care  was  exercised  in  installing 
the  oil-burning  apparatus  and  in  its  operation  after- 
wards. Some  apprehension  was  felt  at  first  that  the 
amount  of  sulphur  contained  in  the  crude  oil  might 
be  sufficient   to   cause   more   rapid   deterioration   from 


pitting  and  corrosion  than  had  been  experienced  with 
coal.  This  fear  has  thus  far  proved  groundless,  no 
extraordinary  pitting  of  tubes  and  shells  having  been 
noted  since  the  introduction  of  oil  as  fuel.  This  may 
be  accounted  for  by  the  fact  that  the  amount  of 
sulphur  liberated  per  thousand  heat  units  is  less  with 
oil  than  with  coal. 

"The  wear  and  tear  upon  the  boiler  structure  is 
probably  less  with  oil  than  with  coal.  Much  of  this 
wear  and  tear  with  coal  is  due  to  strains  produced 
by  the  sudden  and  frequent  inrushes  of  air  against 
the  hot  plates  and  heads  while  furnace  doors  are 
opened  for  firing,  resulting  often  in  leakage  at  seams 
and  tube  ends  and  small  fractures  of  the  boiler  plates. 
These  are  almost  entirely  avoided  by  using  oil  for 
fuel.  The  doors  are  never  opened  and  the  tempera- 
ture remaining  practically  even,  there  are  no  injurious 
contractions." 

The  method  of  burning  fuel  oil,  the  changes 
necessary  in  the  boilers,  the  style  of  burners,  etc.,  are 
practically  the  same  in  all  cases,  but  a  brief  de- 
scription of  the  installation  in  the  electric-light  plant 
at  El  Paso,  Texas,  may  be  of  some  interest. 


STORAGE 

The  oil  is  stored  in  two  steel  tanks,  each  30  feet 
long  by  10  feet  in  diameter,  made  of  3/16-inch  steel, 
which  are  buried  in  the  ground  directly  behind  the 
plant.  These  tanks  are  buried  end  to  end,  four  feet 
below  the  surface,  and  covered  with  a  four-inch  wood 
lagging  treated  with  a  wood  preserver  to  prevent  the 
alkali  in  the  soil  from  destroying  the  tanks.  Between 
the  ends  of  the  tanks  is  a  manhole  four  feet  wide  by 
eight  feet  long^  into  which  all  pipes,  valves,  and  con- 


nections  possible  are  made,  affording  easy  access  to 
make  repairs.  The  tanks  are  connected  together 
with  both  the  supply  and  suction  pipes  and  are  filled 
and  emptied  both  at  the  same  time,  but  the  piping 
is  so  arranged  that  it  is  possible  to  use  each  tank 
separately,  affording  an  opportunity  to  clean  either  of 
them.  The  oil  is  delivered  in  specially-built  tank 
cars,  holding  from  155  to  3(X)  barrels  of  oil.  A  rub- 
ber hose  three  inches  in  diameter  is  used  to  convey 
the  oil  from  the  tank  cars  to  the  tanks,  and  gauges 
arranged  on  the  back  of  the  plant  show  the  amount 
of  oil  in  each  tank.  It  takes  about  forty  minutes 
to  unload  a  car  of  6,500  gallons.  Each  of  our  tanks 
will  hold  about  17,000  gallons,  and  under  the  present 
conditions  of  operation  this  will  last  about  half  a 
month,  affording  us  a  fair  storage  capacity. 


PUMPS 

There  are  two  3x2x3  duplex  steam  pumps 
mounted  on  an  iron  frame  standing  about  three  feet 
six  inches  high.  These  pumps  draw  the  oil  from  the 
storage  tanks  through  a  one  and  a  half-inch  iron  pipe, 
and  discharge  it  through  a  one-inch  pipe  into  a  small 
chamber  about  14  inches  in  diameter  by  two  feet 
six  inches  long,  placed  between  and  slightly  above 
the  pumps.  The  oil  enters  this  chamber  at  one  end, 
passing  through  a  partition  of  very  fine  wire  gauze 
into  the  other  end  of  the  chamber,  where  it  comes 
in  contact  with  a  heating  coil  heated  with  the  exhaust 
steam  from  the  pumps.  This  runs  the  temperature  of 
the  oil  to  about  145  degrees  Fahrenheit,  being  the 
proper  temperature  at  which  the  oil  atomizes  freely. 
The  gauze  screen  or  partition  is  used  to  strain  the 
oil  and  keep  back  sand  and  dirt,  which,  if  allowed  to 
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pass  to  the  burners,  would  in  time  stop  up  the  small 
openings  through  which  the  oil  passes.  The  pump 
being  a  double  one  gives  us  a  reserve  in  case  of 
accident 

BURNERS 

Experiments  have  been  made  with  two  burners, 
one  known  as  a  straight-blow  burner  and  the  other 
known  as  the  cross-blow  burner.  Thus  far  we  have 
been  unable  to  see  that  one  burner  has  any  special 
advantages  over  the  other  as  regards  economy  or  ease 
of  manipulation.  In  the  straight-blow  burner  there  is 
a  central  brass  casting  with  a  small  bore  through 
which  the  oil  passes.  The  outside  of  this  casting  is 
fluted  like  the  rifling  of  a  cannon,  and  outside  of  this 
is  another  brass  tube.  The  steam  passing  through 
this  -space  and  the  fluting,  gives  it  a  whirling  motion, 
so  that  as  the  oil  flows  out  of  the  inner  bore  it  is 
caught  by  the  whirling  steam  and  atomized.  It  is 
considerable  work  to  set  this  burner  in  place,  as  there 
are  many  changes  to  make  in  the  brick  work  of  the 
furnace.  In  order  to  atomize  the  oil  thoroughly,  the 
bridge  wall  of  the  furnace  has  to  be  reconstructed 
and  a  sort  of  grill  work  of  fire  brick  put  in  its  place. 
The  grate  bars  are  lowered  about  one  foot  in  the  fire 
box,  and  a  double  row  of  fire  brick  laid  on  top  in 
such  a  manner  as  to  form  an  air  chamber  between 
them  through  which  all  air  must  pass  in  order  to 
reach  the  furnace,  the  idea  being  that  the  air  becomes 
heated  before  coming  in  contact  with  the  fire.  There 
are  two  of  these  burners  under  each  boiler,  each  one 
being  set  in  the  fire  door,  and  the  door  bricked  up 
solid,  except  a  small  hole  for  looking  into  the  furn- 
ace. When  once  set  up  it  is  rather  difficult  and  ex- 
pensive to  change  back  to  coal. 
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The  cross-blow  burner  is  constructed  somewhat 
differently  from  the  straight-blow  burner.  It  consists 
of  a  small  casting  with  an  overhanging  top  perforated 
with  small  holes  arranged  in  a  semi-circle  on  the  under 
side.  Just  below  these  holes  is  a  slot  in  the  burner 
through  which  the  steam  issues  in  a  sheet,  and  the 
oil  being  forced  through  these  holes  comes  in  contact 
with  the  steam  and  is  atomized.  This  burner  is  put 
through  a  hole  between  the  fire  doors,  using  only  one 
burner  to  a  boiler.  The  grate  bars  are  left  in  the 
same  position  as  when  coal  is  used,  and  are  covered 
with  a  layer  of  fire  brick  laid  in  mortar.  These  bricks 
cover  the  entire  grate  except  a  few  inches  in  front 
for  air,  and  the  bridge  wall  is  left  as  used  for  coal. 
The  furnace  doors  remain  unchanged.  The  principle 
of  an  oil  burner  is  that  the  steam  comes  in  contact 
with  the  oil  and  atomizes  aiid  separates  it  as  widely 
as  possible. 

To  convert  a  furnace  from  coal  to  oil  will  take 
from  two  to  three  days,  and  to  convert  to  coal  again 
from  two  to  three  minutes,  where  the  cross-blow 
burners  are  used.  After  being  once  equipped  for  oil, 
however,  and  then  converted  to  coal,  it  could  be 
reconverted  to  oil  again  in  about  one  hour. 

In  the  use  of  fuel  oil  it  is  necessary,  in  order  to 
get  economical  burning,  to  have  the  oil  flow  to  the 
burners  at  a  steady  pressure.  Our  first  experiments 
demonstrated  the  necessity  of  this,  as  our  fires  were 
often  put  out  through  unsteady  pressure.  With  a 
steady  pressure  of  steam  at  the  burners,  if  the  oil 
pressure  decreases,  the  steam  is  likely  to  blow  out  the 
fire,  while  if  it  increases,  more  oil  comes  through  the 
burners  than  could  be  properly  atomized,  the  resiilt 
being,  ist:  The  fire  smokes  badly.  2d:  The  excess 
oil    runs    away    in    the    ash    pit,    causing    liability    to 
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explode.  3d :  It  fills  the  tubes  with  a  soot  that  is 
much  harder  to  remove  than  coal  soot.  4th :  The  oil 
that  is  not  atomized,  and  flows  away,  is  lost 

In  order  to  insure  a  steady  pressure  of  oil  it  is 
necessary  to  provide  an  auxiliary  air  chamber.  Con-^ 
nected  to  this  air  chamber  is  a  small  safety  valve 
which,  in  case  the  pressure  runs  above  the  point 
required,  returns  the  excess  oil  to  the  storage  tanks. 

To  start  the  burners  it  is  simply  necessary  to  turn 
on  the  steam  and  a  small  supply  of  oil,  and  throw  a 
piece  of  burning  waste  into  the  fire  box,  and  we 
immediately  have  a  full  fire.  To  regulate  it  properly 
it  is  necessary  to  adjust  the  supply  of  both  steam  and 
oil  until  the  fire  burns  without  any  smoke ;  and  if 
properly  regulated  we  get  a  complete  combustion  of 
the  oil  and  avoid  almost  entirely  the  presence  of  soot 
in  the  tubes  and  smoke  from  the  stack.  It  is  also 
possible,  by  simply  increasing  the  supply  of  both, 
steam  and  oil,  to  force  the  boiler  to  any  extent. 
Care  must  be  taken,  however,  in  selecting  burners  to- 
get  one  that  thoroughly  atomizes  and  distributes  the 
oil  so  as  not  to  confine  the  fire  to  any  one  part  of 
the  shell  and  burn  the  boiler. 

The  boilers  are  provided  with  peep  holes  in  the 
back  to  enable  the  fireman  to  see  the  condition  of 
his  fire.  Care  must  be  taken  to  watch  the  fires  very 
closely,  and  in  case  they  go  out  for  any  reason  to 
shut  off  the  oil  immediately,  as  the  gas  from  the  oil, 
combined  with  the  air  in  certain  proportions,  is  very 
explosive.  Cases  of  this  kind  have  been  known 
where  an  explosion  has  occurred  which  took  the 
damper  up  the  chimney  and  blew  out  the  front  of 
the  boiler. 

The  statement  has  been  made  that  it  takes  about 
four  per  cent  of  the  steam   generated   to   operate   the 
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oil  apparatus.  We  have  made  no  experiments  to 
demonstrate  the  accuracy  of  this  figure,  but  our 
observations  go  to  show  that  this  percentage  is  large. 

In  a  small  plant  like  this,  which  is  subject  at 
times  to  a.  total  shut-down,  in  case  the  steam  of  all 
boilers  goes  down,  it  is  impossible  to  start  the  fire,  in 
which  case  an  auxiliary  steam  generator  must  be 
employed,  or  the  fire  brick  be  removed  from  the  grates 
and  coal  be  used  to  get  up  steam. 

In  installing  this  apparatus  it  is  necessary  to 
comply  with  certain  rules  and  regulations  of  the 
insurance  companies  in  order  to  prevent  an  increase 
in  insurance  rates.  These  rules,  however,  are  not  in 
any  way  unreasonable, .  but  are  necessary  to  afford 
ample  protection  to  the  plant.  Their  principal 
requirements  are : 

I  St — That  the  storage  tanks  shall  be  buried  four 
feet  under  the  ground  and  ten  feet  from  the  build- 
ing ;  or,  if  located  more  than  one  hundred  feet  from 
the  building,  may  be  put  above  the  ground  or  only 
partially  buried,  in  which  case  they  must  be  sur- 
rounded by  a  brick  or  earth  embankment  forming  a 
reservoir  of  sufficient  capacity  to  hold  double  the 
contents  of  the  tank. 

2d — They  must  have  a  gas-tight  manhead  at  the 
top. 

3d — They  must  not  be  filled  in  excess  of  ninety- 
eight  per  cent  of  their  capacity. 

4th — They  must  have  a  two-inch  vent  pipe. 

5th — The  highest  point  in  storage  supply  must  be 
at  least  two  feet  below  the  level  of  the  furnace  where 
oil  is  to  be  burned,  thereby  preventing  gravity  feed 
to  the  boilers. 

What  the  saving  has  been  per  horse-power  or  kilo- 
watt   hour   as   compared  with    the    use    of   coal,   it   is 


impossible  for  us  to  tell,  as  prior  to  the  present 
ownership  of  this  plant,  which  changed  hands  last 
fall,  no  records  had  ever  been  kept  of  the  kilowatt 
output  or  the  tons  of  coal  used  per  month,  so  that 
comparisons  are  impossible  to  obtain.  There  is  no 
question,  however,  but  that  there  is  a  very  large 
saving  in  the  use  of  fuel  oil.  It  is  claimed  by  the 
advocates  of  fuel  oil  that  four  barrels  of  oil,  forty-two 
gallons  to  a  barrel,  are  equal  to  one  ton  of  good 
bituminous  coal. 

Experiments  have  been  made  by  the  Water  Works 
Company  at  El  Paso,  and  some  very  accurate  figures 
have  been  obtained.  The  results  of  these  tests  show 
that  the  cost  of  burning  fuel  oil  is  exactly  half  the 
co^t  of  burning  coal,  the  coal  costing  $5.00  per  ton, 
and  fuel  oil  costing  70  cents  per  barrel.  The  coal 
used  prior  to  the  installation  of  fuel  oil  was  San 
Antonio  coal  from  New  Mexico. 


ADVANTAGES    OF    GAS   ENGINES    FOR    GEN- 

TRAL-STATION  WORK 


CHARLES  H.  WILLIAMS 

The  term  **Gas  Engine"  brings  to  the  mind  of 
most  of  us  the  image  of  a  small  machine,  such  as 
is  frequently  made  use  of  to  furnish  the  necessary 
power  for  driving  such  isolated  pieces  of  machinery 
as  are  found  in  small  carpenter  shops,  bakeries, 
dairies,  printing  offices,  or  repair  shops,  with  occa- 
sionally a  small  dynamo  used  for  electric-lighting 
purposes;  this  latter  as  a  kind  of  a  side  issue,  the 
engine  having  been  installed  primarily  to  perform 
some   of   the   above-mentioned   duties. 

The.  gas-engine  central  station  is  such  an  unusual 
installation  that  it  is  looked  upon  by  all  with  curi- 
osity, and  by  a  very  large  majority  with  curiosity 
coupled   with   a   lack  of  confidence. 

Central-station  work  demands  such  absolute  con- 
tinuity of  service,  and  the  results  are  so  disastrous  when 
that  continuity  is  interfered  with,  that  central-station  men 
are  generally  very  slow  to  adopt  anything  that  has 
not  the  mark  **  tried  and  accepted,"  stamped  upon 
it;  and  hence  it  is  that  in  this  country  very  few 
central  stations  are  depending  entirely  on  gas  engines 
for  their   motive   power. 

We  learn,  though,  that  England,  Germany,  Bel- 
gium, France  and  Prussia, — whose  engineers  are  usu- 
ally less  adventurous  along  experimental  lines  than 
our  own — driven  by  necessity,  have  taken  up,  devel- 
oped  and   are   now   making   quite  general   use   of  gas 
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engines,  and  central  stations  of  several  thousand  horse- 
power  are   not   unusual   in   those   countries. 

Very  rapid  advances  are  now  being  made  in  this 
country,  and  a  few  years  at  most  will  find  the  gas 
engine  as  firmly  and  reliably  established  with  the 
American  engineer,  as  is  the  steam  engine  of  the 
present  day,  for  the  question  of  fuel  economy  is 
impressing  itself  more  and  more  forcibly  upon  us, 
and  it  is  the  gas  engine  which  offers  us  a  reliable 
and  effective  means  of  bringing  about  this  desired 
increased   economy. 

The  efficiency  of  the  gas  engine  has  already  been 
carried  far  beyond  that  of  the  steam  engine,  and 
the  margin  of  possible  improvement  is  considerably 
greater.  With  prevailing  steam  pressures,  the  theoretical 
efficiency  of  a  steam  engine  is  not  equal  to  the 
actual  working  efficiency  already  obtained  with  gas 
engines.  If  we  assume  a  boiler  pressure  of  150 
pounds  absolute  and  an  exhaust  pressure  of  three 
pounds  absolute,  perfect  theoretical  development  of 
the  steam  engine  would  give  us  but  26.5  per  cent 
of  the  thermal  energy  which  is  transformed  into 
.  mechanical  work,  while  28  per  cent  has  already  been 
obtained   with   the  gas  engine. 

It  has  been  said  by  one  of  the  most  prominent 
engineers  of  the  present  time — and  it  is  a  fact  easily 
demonstrated— that  the  gas  engine,  when  looked  upon 
from  the  point  of  thermal  efficiency,  stands  to-day  in 
the  same  relative  position  as  did  the  steam  engine 
in    the   days   of   Watt. 

When  we  make  a  comparison  between  the  gas 
engine  of  to-day  and  the  steam  engine  as  it  was 
found  during  the  days  of  Watt,  it  is  necessary  to 
look  at  the  existing  conditions  as  found  at  the  *^wo 
periods   under   consideration.      In    the   days    of    Watt' 
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the  steam  pressures  experimented  with  were  limited 
to  about  thirty  pounds,  and  the  theoretically  perfect 
engine  would  then  develop  about  20  per  cent  thermal 
efficiency,  and  of  this  about  five  per  cent  was  ob- 
tained. With  the  gas  engine  there  is  a  possible 
thermal  efficiency  of  75  per  cent,  of  which  to-day 
only  37  per  cent,  or  a  thermal  efficiency  of  28 
per  cent,  has  been  developed,  leaving  a  possible  in- 
crease of  47  per  cent  thermal  efficiency  for  which 
the   coming  gas  engineer   may   strive. 

It  is  a  fact  that  the  possible  efficiency  that  may  be 
obtained  with  ideal  conditions  with  a  gas  engine  equal 
and  surpass  the  possible  efficiency  of  the  steam  engine, 
operating  with  prevailing  pressures,  some  180  per  cent, 
and  even  at  the  present  time  when  we  are  just  begin- 
ning to  look  into  the  possibilities  of  the  gas-engine 
field,  we  are  obtaining  efficiencies  with  our  relatively 
crude  apparatus  which  are  far  better  than  the  best  that 
the  steam  plant  would  be  able  to  produce  with  ideal 
theoretical  conditions,  even  after  the  years  of  careful 
study  and  almost  endless  experimental  work  which 
have  been  put  upon  it.  With  these  facts  in  view,  we 
cannot  but  admit  that  the  subject  is  one  of  the  greatest 
interest  and  importance  to  us. 

Let  us  follow  the  action  of  the  two  types  of  appa- 
ratus, that  we  may  more  readily  understand  what  these 
statements  mean.  With  the  gas-engine  station  we  must 
first  convert  our  coal  or  other  fuel  into  gas.  The 
technical  efficiency  of  a  coal-gas  plant  has  never  been 
demonstrated,  and  its  commercial  efficiency  depends 
almost  entirely  upon  local  conditions  and  the  relative 
price  paid  for  coal,  together  with  the  selling  price  of 
the  residuals,  which  are  coke,  tar  and  ammonia.  Coal 
gas  is  manufactured  by  the  destructive  distillation  of 
coal  in  hermetically  sealed  retorts,  which  are  externally 
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fired.  Good  gas  coal  will  yield  about  10,000  cubic 
feet  of  gas  per  ton  of  coal,  together  with  about  1,350 
pounds  of  coke,  ten  gallons  of  tar,  and  four  to  five 
pounds  of  ammonia  gas.  This  gas  needs  only  to  be 
thoroughly  washed  for  gas-engine  use,  and  it  makes  a 
very  desirable  gas-engine  fuel. 

Water  gas  is  manufactured  in  a  steel  shell  lined 
with  from  twelve  to  twenty  inches  of  fire  brick,  or 
other  heat-resisting  material.  Coke  or  hard  coal  is  gen- 
erally used  for  gas-making  purposes,  and  the  shell  is 
charged  with  from  four  to  seven  feet  of  fuel,  which  is 
brought  to  a  high  temperature  by  means  of  a  blast  of 
air,  forced  through  the  hot  coke  or  coal  in  the  gen- 
erator. The  process  is  intermittent,  and  it  is  customary 
to  blast  for  about  three  minutes  and  make  gas  for 
about  five  minutes.  The  gas  is  made  by  passing  steam 
through  this  incandescent  bed  of  fuel ;  the  steam  is 
decomposed,  and  the  oxygen  unites  with  the  carbon 
of  the  fuel  to  form  CO,  and  the  hydrogen  of  the 
steam   passes  on   as   free   hydrogen   gas. 

Illuminating  gas  is  made  from  water  gas  by 
adding  to  it  hydrocarbon  gases  or  vapors,  which  are 
usually  obtained  from  petroleum  or  some  of  its 
products.  The  apparatus  essentially  consists  of  a 
generator  and  superheater  internally  fired,  the  super- 
heater being  heated  by  the  secondary  combustion 
from  the  generator,  and  the  heat  stored  up  in  the 
loose  brick  checker  work  of  the  superheater  is  used 
in  the  second  part  of  the  process  to  make  per- 
manent the  hydrocarbon  gases ;  the  second  part  of 
the  process  consists  of  passing  steam  through  the 
generator  fire  and  of  admitting  oil  at  some  point 
between  the  fire  of  the  generator  and  the  loose  brick 
filling  of  the   superheater. 

In    Europe,    water  gas    is    making    some    progress 
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owing  to  its  cleanliness,  high  flame  temperature  and 
ease  of  transmission.  The  Delvvick-Fleischer  process 
promises  the  best  results.  An  ordinary  water-gas 
niachine  will  give  about  60  per  cent  of  the  value 
of  the  fuel  in  the  gas.  The  Delwick-Fleischer  will 
do  better  than  this,  and  its  advocates  claim  from 
75  per  cent  to  80  per  cent  efficiency.  The  ordinary 
water-gas  process  burns  the  air  of  the  blast  to  CO, 
producing  about  4,360  B.  T.  U.  per  pound  of  fuel 
consumed.  In  the  Delwick-Fleischer  process  an  ex- 
cessive blast  pressure  is  used,  which  gives  a  high 
velocity  to  the  blast,  and  it  is  claimed  that  nearly 
all  of  the  carbon  is  burned  to  CO2,  yielding  14,544 
B.  T.  U.  per  pound  of  carbon  consumed. 

The  higher  efficiency  may  be  explained  by  the 
assumption  that  carbon  and  oxygen  coming  together 
will  first  bum  to  CO2,  but  in  passing  through  a 
thick  fuel  bed,  this  COg  in  the  presence  of  incan- 
descent carbon  will  be  reduced  to  CO.  A  certain 
molecular  time  contact  is  required  for  this  reduction^ 
and  if  the  blast  is  given  sufficient  velocity,  this  re- 
duction  will   not   take   place. 

Straight  water  gas  is  not  a  desirable  fuel  for  gas 
engines,  owing  to  its  high  flame  temperature  and  low 
ignition  point.  Any  gas  containing  more  than  30 
per  cent  of  hydrogen  will  ignite  at  a  very  low  tem- 
perature, and  will  not  prove  a  particularly  desirable 
gas  for  gas-engine  work ;  but  as  water  gas  has 
some  very  pronounced  advantages  for  other  industrial 
uses,  such  as  welding,  brazing,  and  work  requiring 
high  flame  temperatures,  I  look  to  see  it  used  to 
drive  gas  engines,  also  in  industrial  plants  to  avoid 
duplication   of  gas-generating   processes. 

The   most   likely  method  of  manufacturing  gas  for 

gas-engine  uses  is   what  is   known  as   the  producer-gas 

35 


530 

system.  This  has  so  many  modifications  that  I  will 
attempt  to  describe  but  two  of  them.  The  first  is 
the  simple  manufacture  of  producer  gas.  In  this 
hard  coal,  coke  or  bituminous  coal  may  be  used  as 
fuel,  and  it  is  charged  into  a  steel  shell  lined  with 
firebrick  similar  to  the  previously  described  apparatus 
used  for  making  water  gas.  The  process  of  making 
producer  gas  is  continuous,  and  the  gas  is  manufac- 
tured by  the  continual  introduction  of  air  and  a  small 
amount  of  steam  into  the  generator.  Roughly,  three 
or  more  pounds  of  carbon  are  gasified  by  the  oxygen 
of  the  air  to  each  pound  of  carbon  which  is  gasified 
by  the  oxygen  of  the  water.  It  is  necessary  to  sup- 
ply enough  heat  by  the  combustion  of  the  carbon 
with  the  oxygen  of  the  air  to  supply  the  heat  ab- 
sorbed in  the  decomposition  of  the  water  introduced, 
and  to  enable  proper  temperatures  to  be  maintained 
for  the  continuation  of  the  process.  This  system  of 
gas  manufacture  is  capable  of  delivering  from  80  per 
cent  to  85  per  cent  of  the  heat  of  the  coal  in  the 
form  of  gas. 

Another  system  of  gas  manufacture  which  has  met 
with  some  favor  is  a  combination  of  water  gas  and 
producer  gas. 

The  thermal  value  of  these  various  gases  will  be  about 
as  follows : 

Coal  Gas,  620  to  680  B.  T.  U.  per  cubic  foot. 

Water  Gas,  325  B.  T.  U.  per  cubic  foot. 

Carbureted  Water  Gas,  600  to  625  B.  T.  U.  per 
cubic  foot. 

Producer  Gas,  made  from  coke,  100  to  120  B.  T.  U. 
per  cubic  foot. 

Producer  Gas,  made  from  soft  coal,  1 10  to  130  B.  T. 
U.  per  cubic  foot. 

Combination  Producer  and  Water  Gas,  130  to  160 
B.  T.  U.  per  cubic  foot. 
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The  calorific  rating  of  gas  should  not  be  on  the  gas 
per  foot,  but  should  be  on  the  gas  with  sufficient  air 
added  to  produce  complete  combustion.  This  would 
give  us  the  following  values  for  each  foot  of  explosive 
mixture  for  the  various  gases  enumerated  above  : 

Coal  Gas,  105  to  1 15  B.  T.  U.  per  cubic  foot. 

Water  Gas,  75  B.  T.  U.  per  cubic  foot. 

Carbureted  Water  Gas,  204  to  212  B.  T.  U.  per 
cubic  foot 

Producer  gas  made  from  coke,  25  to  45  B.  T.  U.  per 
cubic  foot. 

Producer  gas  made  from  soft  coal,  27  to  32  B.  T.  U. 
per  cubic  foot. 

Combination  Producer  and  Water  Gas,  66  to  82  B. 
T.  U.  per  cubic  foot. 

It  may  safely  be  assumed  that  coal  gas  or  water  gas 
will  never  be  used  for  gas-engine  purposes  except  under 
special  conditions,  and  I  will  therefore  make  comparisons 
with  a  gas-engine  station  operated  with  producer  gas. 

A  simple  form  of  gas  producer  plant  in  stations  below 
1,000  horse-power  will  cost  more  for  producers  and 
storage  capacity  than  would  an  equivalent  boiler  plant. 
Above  this  capacity  it  may  cost  more  or  less,  depending 
upon  the  storage  capacity  demanded  for  the  sake  of 
uniformity  of  gas  or  to  insure  continuity  of  service. 
For  uniformity,  I  am  inclined  to  think  that  storage 
capacity  should  be  provided  to  operate  engines  for 
one-half  hour  at  full  load ;  for  continuity  of  service,  it 
would  be  purely  a  matter  of  discretion  ;  although  I  see 
no  reason  why  any  storage  capacity  should  be  provided, 
except  where  the  gas-engine  plant  is  used  as  a  relay 
station  for  a  hydraulic  or  steam  generating  plant,  as  a  gas 
producer  could  be  kindled,  blasted,  and  making  gas,  all 
within  twenty  minutes. 

As  previously  stated,  an  efficiency  of   from   80   per 


532 

cent  to  85  per  cent  may  reasonably  be  expected.  This 
system  of  power  production  should  at  least  cut  your 
fuel  bills  in  two,  and  necessarily  the  aggregate  amount 
of  fuel  used  would  be  then  at  least  50  per  cent  less 
than  if  used  under  boilers.  With  producers  the  coal 
is  all  handled  in  large  quantities,  and  it  should  increase 
the  productiveness  of  labor  at  least  100  per  cent.  In 
other  words,  if  with  hand  firing  under  boilers  you  can 
handle  five  tons  of  coal  per  day  per  man,  you  should 
be  able  to  handle  with  a  producer  plant  at  least  ten 
tons  of  coal  per  day  per  man  ;  this  would  be  equiva- 
lent to  reducing  this  portion  of  your  labor  to  twenty- 
five  per  cent  of  its  original  amount.  If  low-grade, 
small-sized  coal  is  used  in  your  producers,  you  will 
have  a  capacity  of  but  from  ten  to  twenty  pounds  of 
fuel  per  square  foot  of  grate  surface  per  hour ;  but 
with  coarse  coke  or  hard  coal,  your  capacity  will  be 
from  40  to  60  pounds  of  fuel  per  square  foot  of  grate 
surface.  It  is  also  possible  by  this  method  of  gas 
manufacture  to  recover  a  certain  amount  of  tar  and 
ammonia,  which  would  slightly  reduce  your  expense 
for  fuel.  Large  quantities  of  ammonia  may  be  pro- 
duced by  using  the  Mond  process,  to  which  frequent 
reference  may  be  found  in  both  foreign  and  American 
gas-engineering  journals. 

Neglecting  the  matter  of  residuals,  you  may  assume 
that  with  a  coal  containing  14,500  B.  T.  U.  per 
pound,  you  can  deliver  at  your  engine  80  per  cent  or 
11,600  B.  T.  U.,  and  you  may  also  assume  that  this 
11,600  B.  T.  U.  will  develop  in  a  gas  engine  one  B. 
H.  P.  when  operated  at  full  load  capacity,  hence,  we 
have  a  B.  H.  P.  for  one  pound  of  fuel.  You  may 
also  be  able  to  make  a  saving  by  locating  the  pro- 
ducer gas  station  at  a  point  best  situated  for  the 
reception  of  coal  and  the  disposal  of  ash ;  this  arrange- 
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ment  would  prove  especially  valuable  for  direct  current 
stations  having  one  or  more  generating  plants,  which 
must  for  other  considerations  be  located  at  points  not 
favorable  to  the  cheap  production  of  power.  Large 
volumes  of  gas  can  be  transmitted  without  heavy 
investment,  and  with  a  small  expenditure  of  energy. 

It  is  possible  to  provide  storage  capacity  for  gas 
at  an  investment  cost  of  practically  $ioo  per  thousand 
cubic  feet,  and  taking  a  gas  with  a  thermal  value 
of  no  B.  T.  U.  per  foot,  this  would  give  you  a 
storage  capacity  investment  of  about  $io  per  horse- 
power-hour capacity,  while  the  storage  of  steam  in 
any  large  quantity  is  impossible,  and  the  storage  of 
current  by  means  of  storage  batteries  would  amount 
to   about    $ioo   per   horse-power   hour. 

The  conductivity  of  a  cylindrical  pipe  increases 
very  rapidly  as  you  increase  the  diameter,  more 
rapidly  than  would  be  indicated  by  the  increased 
area,  which,  of  course,  increases  as  the  second  power 
of  the  diameter,  while  the  conductivity  of  the  pipe 
increases  as  the  2.5  power.  This  is  explained  by  the 
fact  that  the  walls  of  the  pipe,  which  constitute  the 
retarding  element,  increase  only  as  the  arithmetical 
proportion  to  the  diameter,  while  the  area  of  the  pipe 
increases   in   geometrical   proportion. 

When  the  writer  accepted  an  invitation  from  your 
programme  committee  to  prepare  a  paper  on  this  sub- 
ject, he  believed  he  would  have  an  opportunity  of  set- 
ting before  you  for  comparison  the  results  obtained  in 
a  fairly  efficient  steam  plant  and  also  the  results  ob- 
tained in  a  fairly  efficient  gas-engine  plant ;  both  under 
the  same  management,  and  both  operated  for  the  best 
possible  results.  These  plants  are  located  at  Madison, 
Wisconsin,  and  are  used  to  supply  municipal  and  com- 
mercial   lighting   for   that    city,    and    also    railway   and 
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commercial  power.  The  steam  plant  has  been  in  oper^ 
ation  for  a  number  of  years,  and  the  gas-engine  plant 
has  only  been  in  operating  condition  since  early  in 
February,  and  owing  to  unexpected  conditions,  the  load 
has  been  too  heavy  since  the  completion  of  the  gas- 
engine  plant  to  transfer  certain  generators  which  are 
now  in  use  at  the  steam  station  to  the  gas-engine 
station  where  it  was  intended  to  use  them ;  for  this 
reason,  no  such  valuable  comparison  can  be  made  as 
was  originally  intended.  I  shall  therefore  have  to  treat 
the  subject  from  data  gathered  from  careful  tests  on  our 
steam  plant  and  such  data  as  we  have  been  able  to 
gather  from  running  our  gas^ngine  plant  underloaded ; 
but  these  latter  will  be  supplemented  by  data  gathered 
from  other  gas-engine  stations  with  which  the  writer  is 
familiar,  and  many  of  which  were  visited  by  him  prior 
to  the  decision  made  by  the  Madison  Gas  and  Electric 
Company  to  install  gas  engines  for  central-station  work. 

The  steam  station  at  Madison  is  of  about  i,6oo 
horse-power  capacity,  composed  of  four  Russell,  tandem 
compound  engines,  operated  condensing.  The  boilers 
are  of  the  Hazelton  and  Sterling  makes,  and  three 
Wainwright  heaters  are  used,  together  with  two  David- 
son condensers.  The  load  carried  is  a  very  fair  exam- 
ple of  that  met  with  in  a  light  and  power  station  that 
supplies  railway  power  as  well  as  commercial  power. 

For  convenience,  we  may  consider  our  gas-generat- 
ing station  analagous  to  our  boiler  room,  and  our  gas 
engines  and  steam  engines  may  be  compared  without 
distinction,  as  they  are  both  forms  of  heat  motors  not 
greatly  different  from  an  operating  standpoint. 

The  following  is  a  very  fair  example  of  the  results 
obtained  by  a  number  of  tests  carried  on  at  the  steam 
station. 

The  coal  used  had  a  thermal  value  of  about  14,500 
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B.  T.  U.  per  pound,  and  when  we  made  a  balance 
sheet  of  the  energy  supplied  to  the  system  and  the 
energy  expanded  in  the  system  we  found  the  following: 

B.  T.  U.  SUPPLIED  B.  T.  U.  EXPENDED 

Heat  in  coal 14.500    Lost  at  boiler 4.349' 

Heal  returned  to  boiler 761     Used  by  auxiliaries 290- 

Lost  in  pipes 168 

Lost  in  exhaust  9.309> 

Friction  of  engine 137 

Useful  work i ,008 


Toul 15,261  15,261 

•  Referring  to  the  balance  sheet,  we  find  that  28.5 
per  cent  of  the  heat  supplied  to  the  boiler,  due  to 
the  energy  in  the  pound  of  coal,  escapes  by  radia- 
tion from  the  exposed  surfaces  of  the  boiler  and 
furnace,  by  the  heated  cinders  falling  to  the  ash-pit 
unconsumed,  by  incomplete  combustion  and  by  the 
sensible  heat  of  the  outgoing  flue  gases,  leaving  71.  i 
per  cent  as  given  up  to  the  water  and  steam  in 
the  boiler  and  representing  useful  work,  indicating  a 
boiler  efficiency   of   71.5    per   cent. 

For  every  pound  of  fuel  consumed,  5.25  per  cent 
are  returned  to  the  boiler  by  the  preheating  of  the 
feed  water,  from  a  portion  of  the  heat  contained  in 
the  steam  before  it  reaches  the  condenser,  and  by 
heat  absorbed  from  the  exhaust  of  the  various  auxilia- 
ries; and  when  considering  the  amount  of  heat  enter- 
ing the  engine  room,  this  amount  has  to  be  added 
to  the  heat  leaving  the  boiler  due  to  the  original 
pound  of  coal  under  consideration.  We  find  1.9 
per  cent  is  used  to  drive  the  various  auxiliaries; 
I.I  per  cent  is  lost  by  radiation  and  transmission 
in  the  pipes;  while  61  per  cent  escapes  in  the  ex- 
haust.      It      takes    .9    per     cent     to     overcome    the 
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friction  of  the  engine  itself,  and  this  leaves  us  but 
6.6  per  cent  for  developing  useful  work  at  the  fly- 
wheel. 

Our  efficiency  of  energy  transformation  is,  there- 
fore, 6.6  per  cent,  and  this  result  was  obtained 
under  favorable  average  working  conditions;  and 
while  this  efficiency  may  look  low  to  a  great  many 
station  men,  it  probably  represents  much  better  than 
average  conditions,  as  can  be  attested  to  by  numer- 
ous engineers  whose  theoretical  ideals  have  been 
badly  warped  by  commercial  considerations  and  bad 
and  variable  load  demands.  I  am  satisfied  that  we 
should  not  be  placing  our  figures  too  low  by  as- 
suming that  a  well-equipped  station  using  compound- 
condensing  engines  will  transform  about  seven  per 
cent  of  the  total  heat  of  the  coal  to  useful  work, 
and  with  simple  engines  operating  condensing  the 
efficiency  will  be  about  five  per  cent,  while  a  large 
majority  of  the  smaller  stations  in  operation  through- 
out the  country  will  not  transform  more  than  2.5 
to  four  per  cent  of  the  energy  of  the  coal  into  dy- 
namic  energy. 

In  the  gas-engine  station  we  also  meet  with  very  large 
losses,  for  of  the  100  per  cent  of  energy  which  is  supplied 
to  the  engine  through  the  heat  contained  in  the  gas,  we 
find  from  a  number  of  tests  at  full  load  that  practically 
3 1  per  cent  are  carried  away  in  the  cooling  water ;  and 
this  is  necessary  to  keep  the  temperature  of  the  cylinders 
and  pistons  down  to  a  point  where  it  is  possible  for  them 
to  operate.  If  no  cooling  water  were  supplied,  the 
temperature  in  large  engines  would  reach  a  point  above 
the  melting  point  of  the  metal  itself.  About  43  per 
cent  is  carried  away  in  the  form  of  sensible  heat  in  the 
exhaust  gases,  and  by  radiation  from  the  engine  cylinders. 
This  leaves  us  about  26  per  cent  doing  work  in  the  engine 
itself,  or  it  leaves  us,  as  we  shall  see  later,  20.8  per  cent 
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of  the  original  number  of  heat  units  contained  in  the 
pound  of  coal  that  was  put  into  the  gas  generator,  or 
3,016  heat  units,  for  useful  work  against  1,008  for  steam. 
As  both  the  gas  engine  and  steam  engine  are  purely  heat 
engines,  the  amount  represented  by  the  heat  units 
available  for  useful  work  gives  us  an  exact  comparison 
of  the  relative  values  of  the  two  types  of  apparatus. 

A  pound  of  fuel  has  a  certain  amount  of  stored  energy 
which  may  be  transformed  into  heat  and  finally  into 
dynamic  energy,  and  that  method  which  transforms  the 
greatest  amount  of  stored  energy  in  the  coal  to  dynamic 
energy  is  the  best  method  for  us  to  use. 

With  the  gas  engine,  one  is  not  dealing  with  high 
pressures  in  any  part  of  the  apparatus  except  within  the 
cylinders  and  in  the  air  reservoir,  where  compressed  air  is 
used  for  starting,  while  in  the  steam  plant  there  is  in  the 
steam  boiler  and  pipes  a  tremendous  amount  of  pent-up 
energy  and,  consequently,  an  increased  amount  of  danger, 
and  the  cost  of  maintenance  is  necessarily  increased  by  the 
use  of  these  high  pressures.  With  the  gas-engine  station, 
the  piping  has  only  to  be  such  as  will  withstand  ordinary 
low  or  atmospheric  pressures,  and  there  is  very  little 
danger  from  the  gas  pipes  on  account  of  gas  explosions, 
for  the  reason  that  the  gas  of  itself  is  not  explosive,  and 
it  is  necessary  to  have  a  mixture,  and  a  certain  definite 
mixture,  of  gas  and  air  in  order  to  make  the  gas  explode, 

A  gas  pipe  that  is  under  pressure  greater  than  that  of 
one  atmosphere  may  be  opened  to  the  air,  and  a  flame 
applied,  with  the  result  that  the  escaping  gas  will  burn 
and  it  bums  because  it  receives  oxygen  from  the  air ;  but 
the  flame  will  not  follow  back  into  the  pipe,  and  there  is 
no  danger  from  an  explosion  within  the  pipe,  for  the 
reason  that  the  gas  within  the  pipe  exerts  a  greater 
pressure  than  does  the  air  without,  and  consequently 
the  air  cannot  force  itself  back  into  the   pipe.     As   a 
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matter  of  fact,  there  is  no  more  danger  from  the  pipes 
in  a  gas-engine  station  than  there  is  to  the  pipes  that 
are  found  in  nearly  all  of  our  houses  supplying  gas  for 
domestic  or  illuminating  purposes. 

That  the  gas  is  not  explosive  when  not  properly 
mixed  with  air  is  very  clearly  demonstrated  by  the  fact 
that  unless  the  mixing  valves  on  a  gas  ertgine  are  prop- 
erly adjusted,  one  cannot  get  the  gas  to  explode  at  all, 
whereas,  if  they  are  properly  adjusted,  a  very  small 
electric  spark  will  cause  it  to  explode  and  bum  the 
entire  contents  of  the  cylinder  at  a  flash. 

The  possibilities  of  utilizing  a  part  of  the  great 
amount  of  heat  which  is  carried  away  in  the  cooling 
water  has  been  demonstrated  in  some  instances.  In 
the  gas-engine  station  at  Mankato,  Minn.,  the  cooling 
water  is  passed  through  a  system  of  hot-water  heating 
pipes,  and  useful  work  is  done  by  this  lost  heat  in  rais- 
ing the  temperature  of  the  engine  room,  office  and  gas 
works ;  and  there  is  no  reason  why  the  pipe  carrying 
the  jacket  water,  after  leaving  the  engine,  could  not  be 
brought  into  communication  with  the  exhaust  gases 
themselves,  and  thus  raise  the  temperature  of  the  cool- 
ing water  to  a  very  high  degree,  and  this  water  be 
used  either  for  heating  or  for  some  commercial  purpose. 

At  the  Madison  station  there  is  a  triplex  motor-driven 
pump  which  takes  water  from  the  several  gas-holder 
tanks,  and  after  passing  it  around  the  cylinders  of  the 
gas  engines  it  carries  it  back  to  the  holder  tanks,  where 
it  is  circulated.  This  relieves  the  gas  works  of  supply- 
ing live  steam  to  these  tanks  in  the  winter  time,  which 
has  been  necessary  in  order  to  maintain  the  proper 
temperature.  This  of  itself  means  a  saving  of  some 
$240  per  year.  The  water  here  performs  a  double 
service :  that  of  cooling  the  cylinder  jackets  and  of  rais- 
ing the  temperature  of  the  water  in  the  gas  holders. 
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The  item  of  attendance  will  enter  largely  into  the 
problem  of  comparative  economy,  and  on  this  point 
the  gas  engine  has  no  disadvantage  in  the  engine  room, 
and  a  considerable  saving  is  made  in  the  generation  of 
gas  as  compared  with  the  generation  of  steam. 

One  type  of  engine  manufactured  has  three  vertical 
cylinders,  and  is  so  constructed  that  by  means  of  a 
very  simple  mechanical  device,  necessitating  the  use  of 
but  a  single  lever,  the  valve  which  admits  the  explosive 
mixture  to  the  right-hand  cylinder  is  cut  off,  and  at  the 
same  time  this  cylinder  is  put  into  communication  with 
a  compressed-air  reservoir;  this  cylinder  then  acts  as  a 
single-acting  air-motor,  which  puts  the  engine  in  opera- 
tion. At  the  first  revolution  the  two  remaining  cylin- 
ders take  in  charges  of  an  explosive  mixture  of  gas 
and  air,  which  are  exploded  at  the  proper  point.  As 
soon  as  the  engine  starts  to  turn  over  and  take  in  gas, 
the  exhaust  valves,  which  have  before  remained  open 
in  order  that  the  air-motor  cylinder  should  not  have  to 
do  work  on  the  other  two  cylinders  by  compressing 
the  charge  before  the  engine  has  received  sufficient 
momentum  to  carry  the  pistons  past  the  point  of  com- 
pression, are  now  closed,  so  that  the  charges  are  com- 
pressed, and  when  the  electric  spark  ignites  them,  the 
engine  comes  up  to  speed  very  rapidly. 

Very  little  practice  is  necessary  to  train  an  attend- 
ant to  start  an  engine  and  bring  it  to  full  speed  ready 
to  close  the  generator  switch,  so  that  it  may  take  its 
share  of  the  load  in  one-half  of  a  minute.  This  may 
very  easily  be  done  when  the  electric  generator  is 
excited  from  some  apparatus  not  of  itself  dependent 
on  the  starting  of  the  gas  engine,  such  as  the  storage 
battery,  or  another  generator  already  in  operation ; 
some  electric  generators  are  sluggish  in  coming  to  full 
excitation,  and  the  time  constant  that  enters  here  should 
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not  be  charged  against  the  gas  engine.  Just  as  soon 
as  the  first  charge  of  gas  is  fired,  compressed  air  is  cut 
off  from  the  air-motor  cylinder,  and  that  cylinder  is 
then   ready   to   do   useful   work   with   the   rest. 

The  ease  with  which  gas  engines  may  be  started 
and  thrown  into  service,  together  with  the  absence  of 
expense  when  the  machines  are  standing  idle,  is  of 
very  great  importance,  for  nearly  every  station  has 
loads  at  times  which  cannot  be  relied  upon ;  loads 
which  may  perhaps  demand  the  entire  station  capacity, 
and  yet  are  so  uncertain  that  the  station  man  hesitates  to 
keep  sufficient  boiler  and  engine  capacity  just  on  the 
verge  of  working,  using  tons  of  coal,  only  to  keep 
the  apparatus  in  such  shape  that  the  station  is  ready 
to  serve.  As  these  loads  oftentimes  come  on  but  for 
a  comparatively  short  time,  the  gas  engine  offers  a 
very  simple  solution  to  the  problem  ;  when  not  work- 
ing, using  no  fuel,  and  when  working  using  much  less 
fuel  'than  the  steam  engine  which  it  is  bound  to 
supplant. 

The  ease  of  starting  is  not  limited  to  the  smaller 
sizes  of  gas  engines,  for  it  is  just  as  easy  to  put  the 
large  engines  into  service  as  it  is  to  start  the  smaller 
ones,  and  the  larger  ones  can  also  be  started  and  put 
into  operation  within  half  a  minute. 

As  before  stated,  when  a  gas  engine  is  not  in  oper- 
ation, we  do  not  have  an  active  loss  such  as  is  una- 
voidable in  a  steam-engine  plant.  The  gas-generating 
apparatus  may  be  operated  continually,  and  the  excess 
gas  stored  for  future  use,  and  the  instant  a  demand  is 
made  for  power,  the  engines  may  be  put  into  service 
without  any  preparatory  work,  such  as  warming  up 
pipes  and  cylinders  in  a  steam  engine,  as  is  commonly 
necessary  after  the  load  has  been  for  a  short  time 
cut  off. 
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One  advantage  that  the  steam  station  is  commonly 
supposed  to  have  over  the  gas-engine  station  lies  in 
the  fact  that  the  gas  engine  is  necessarily  built  much 
heavier  per  unit  of  capacity  than  is  the  steam  engine ; 
this  is  necessary  on  account  of  the  high  compression 
commonly  used  in  a  gas  engine.  The  pressure  in  the 
cylinder  at  the  time  of  explosion  often  reaches  500 
pounds,  against  1 50  to  200  pounds  for  steam ;  and  the 
gas  engine  must  also  be  built  to  withstand  back  firing, 
or  premature  explosions,  should  they  occur,  as  they  are 
liable  to  do  in  case  the  compression  is  carried  too  high, 
or  the  mixture  not  properly  adjusted.  All  these  things 
tend  to  necessitate  an  increased  strength  and  weight  in 
the  working  parts,  and  as  the  friction  load  of  the 
engine  varies  but  little  from  no  load  to  full  load — or 
in  other  words,  as  it  takes  about  as  much  gas  to  run 
the  engine  itself  and  overcome  the  friction  on  the 
bearings,  whether  the  engine  is  running  light  or  whether 
it  is  doing  useful  work  and  delivering  its  full  capacity 
of  power  at  the  fly-wheel — it  follows  that  when  the 
engine  is  but  lightly  loaded  the  total  amount  of  fuel 
used  for  each  horse-power  delivered  is  large  compared 
with  the  amount  of  fuel  per  horse-power  when  the 
engine  is  full-loaded.  It  also  follows  that  it  is  necessary 
to  have  the  engines  proportioned  to  the  amount  of  load 
more  carefully  than  in  steam-engine  work,  but  it  is 
a  fact  that  the  efficiency  of  the  different-sized  gas-engine 
units  does  not  fall  off  so  rapidly  as  does  the  efficiency 
of  the  smaller  steam  engines. 

Returning,  then,  to  the  fact  that  a  number  of 
small  or  medium-sized  gas  units  can  be  operated  at  a 
higher  point  of  economy  than  the  same-sized  steam 
engines,  and  can  be  started  and  stopped  as  the  load 
comes  on  and  drops  off,  it  is  plain  that  with  properly 
selected  units  the  gas   engine   need   not  vary  in   econ- 
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omy  with  a  variable  load,  even  so  much  as  does  a 
steam  equipment. 

Although  the  gas  engine  seems*  to  oflfer  a  special 
inducement  to  a  company  where  the  gas  and  electric 
interests  are  one  and  the  gas  and  electric  plants  can 
then  be  operated  as  one  station,  still  there  is  a  prop- 
osition brought  out  by  the  gas-engine  station  which 
cannot  help  but  interest  a  gas  company,  even  though 
it  be  a  competing  company  in  the  lighting  business. 

Consider  a  steam  plant  generating  electricity,  using 
coal  under  its  boilers,  and  a  gas  company  in  the  same 
town  furnishing  gas  for  illuminating,  domestic  and 
industrial  purposes.  The  gas  company  has  a  good 
proposition  in  its  hands  when  it  agrees  to  sell  gas  to 
the  gas-engine  station  at  a  slight  increase  over  the 
cost  of  gas  in  the  holder,  for  the  increased  profits  it 
receives  on  all  its  regular  customers  without  altering 
the  price  to  them  is  a  sufficient  inducement  to  give 
the  electric  company  this  gas  at  a  reasonable  figure ; 
and  although  it  may  cut  the  cost  of  generation  for 
the  electric  company  by  an  amount  whereby  they 
may  be  able  to  sell  their  product  at  a  more  reason- 
able rate,  it  still  places  even  a  greater  profit  in  the 
hands  of  a  gas  company,  for  if  they  were  realizing  a 
profit  before,  they  can  now  realize  a  much  larger 
profit,  and  be  able,  perhaps,  to  cut  their  prices  so  as 
^eatly  to  increase  their  domestic  and  industrial  gas 
sales,  and  thereby  compound  their  earnings. 

People  want  electric  lights,  and  if  the  rates  are 
reasonable,  they  are  going  to  have  them  regardless  of 
the  inducements  offered  by  the  gas  companies ;  the 
gas  companies  can  therefore  do  no  better  than  to 
encourage  this  type  of  gas  consumer,  and  at  the  same 
time  place  themselves  in  a  position  whereby  they  can 
deliver  their  product  to  their  consumers  at  a  price 
where  the  consumer  cannot  afford  to  be  without  it 
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The  writer  can  cite  an  instance  in  his  own  city 
where  the  fuel-gas  business  has  been  pushed  to  the 
extent  where  there  are  now  installed  2,000  four-hole 
gas  ranges.  This  for  a  town  of  19,164  inhabitants 
means  one  gas  stove,  and  a  little  more  than  one,  for 
every  ten  inhabitants.  Surely  the  introduction  of  the 
gas  engine  will  not  have  a  detrimental  effect  on  the 
gas  business,  even  though  it  will  cheapen  the  cost  of 
generating  electricity,  for  the  gas  engineer  will  only 
be  using  his  product  in  another  way,  and  in  a  way 
which  will  increase,  rather  than  diminish,  his  earnings. 

There  are  two  plants  using  coal  gas  upon  which 
accurate  figures  have  been  obtained,  and  which  are  of 
considerable  interest  to  us.  The  plants  referred  to  are 
those  located  at  Mankato,  Minn.,  and  Oshkosh,  Wis. 
In  both  these  cities  the  companies  were  operating 
electric  plants,  and  were  also  operating  gas  plants,  and 
after  the  gas-engine  stations  were  installed,  these 
furnished  all  the  power  for  the  electric  stations.  At 
Mankato  there  were  installed  one  8 5 -horse-power  and 
one  125-horse-power  gas  engine,  and  recently  there 
have  been  added  two  additional  50-horse-power  engines; 
and  although  the  installation  is  but  a  comparatively 
small   one,    it   offers  some   very  interesting   data. 

The  load  for  which  these  engines  furnish  power 
consists  of  107  32-candle-power  street  lamps  burning 
3,000  hours  per  year ;  sixty-three  2, ooo-can die-power 
open  arcs,  35  commercial  multiple  arcs,  1,800  six- 
teen-candle-power  incandescent  lamps,  together  with 
the   commercial   power   load  of  60  horse  power. 

At  Mankato  the  gas  company  did  not  operate  a 
steam  station  previously  to  installing  their  gas  engines, 
but  bought  their  power  on  a  flat  rate  from  a  milling 
company.  As  we  do  not  know  whether  the  price  they 
paid,  $7,200  per  year,  was  reasonable  or  not,   we  can 
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we  can  draw  some  valuable  information  from  the 
Mankato  company*s  books  in  regard  to  the  cost  to  the 
company,  for  the  gas  used  in  the  engines,  and  the 
saving  effected  by  the  company,  through  the  decrease 
in  the  cost  of  manufacturing  the  gas  per  unit  after 
they  had  increased  their  sendout  by  manufacturing  gas 
for  their  own  use,  over  the  amount  which  it  has  cost 
them  when  they  were  only  supplying  their  regular 
customers.  The  books  show  us  what  it  cost  the  com- 
pany to  put  the  gas  in  the  holder  before  and  what  it 
cost  them  after  they  increased  their  sendout.  They 
show  us  that  the  amount  of  gas  used  for  the  six 
months  ending  January,  1902,  was  about  78  per  cent 
increase  over  the  previous  gas  sendout.  They  show  us 
that  this  78  per  cent  increase  in  sendout  lowered  the 
cost  of  the  gas  to  the  company  eight  cents  per 
thousand,  which  was  exactly  the  same  as  giving  them 
an  additional  profit  of  eight  cents  per  thousand  on 
every  thousand  sent  out  to  their  regular  consumers. 

It  is  perfectly  legitimate  for  that  company  to 
credit  the  gas-engine  account  with  eight  cents  per 
thousand  on  16,000,000  cubic  feet  of  gas,  that  being 
their  annual,  sendout,  or  $1,280  per  annum,  and  this 
credit  amounts  to  18  per  cent  of  the  total  amount 
which   they  had    paid  for  power  previously. 

At  the  Oshkosh  plant  they  have  installed  two  50- 
horse-power  and  two  1 2  5-horse-power  gas  engines, 
and  here  they  were  sending  out  45,000,000  cubic  feet 
of  gas  annually.  The  extra  output  of  gas  here  low- 
ered the  cost  of  gas  in  the  holder  eight  cents  per 
thousand  again,  so  that  the  gas  engines  should  be 
credited  with  $3,600  per  year,  due  to  decreased  cost 
in  gas  generation. 

There  are  also  installed  two  engines  at  Red  Wing, 
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Minn.,  two  at  La  Crosse,  Wis.,  and  three  at  Apple- 
ton,  Wis.,  all  running  on  illuminating  manufactured 
gas ;  but  the  last  three  stations  have  not  been  in- 
stalled a  sufficient  length  of  time  to  furnish  any  valu- 
able information. 

The  plants  thus  far  mentioned  as  operated  on 
artificial  gas  were  taken  up  to  show  the  possibilities 
along  that  line,  but  three-quarters  of  all  the  gas 
engines  operated  in  this  country  that  come  under 
the  head  of  central-station  engines,  are  found  in 
either  the  natural-gas  fields,  or  receive  their  gas  from 
gas   producers. 

The  Consolidated  Gas  Company,  of  New  York, 
has  a  gas  engine  belted  to  two  exhausters  which 
operate  continuously,  but  with  a  variable  speed.  Here, 
there  is  an  automatic  governor  actuated  by  the  pres- 
sure of  the  gas ;  and  as  there  is  a  different  quantity 
of  gas  passing  the  exhausters  at  different  intervals, 
the  engine  must  be  automatically  regulated  to  main- 
tain the  pressure  constant.  This  engine  answers 
every  requirement  in  this  line,  and  operates  days, 
nights  and  Sundays.  It  has  a  record  of  continuous 
operation  of  1,157  hours,  when  it  was  shut  down 
to   repair   a   broken    belt. 

A  650-horse-power  gas  engine,  direct  connected  to 
a  generator  of  suitable  size,  is  found  in  the  power 
house  of  the  Homestead  Steel  Works, '  near  Pitts- 
burg, Pa.  This  engine  does  almost  constant  duty, 
and  running  day  and  night,  as  it  does,  without  any 
trouble,  certainly  speaks  well  for  the  reliability .  of 
this  class  of  machines.  It  has  a  heavy  but  variable 
load,  the  kind  of  a  load  that  brings  out  the  weak 
points  of  an  engine  if  there  are  any  to  be  brought 
out,  but  this  machine  has  given  such  service  that 
the   management   does    not    hesitate   to   endorse    it   in 

the    highest   terms. 
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Scattered  all  through  the  gas  fields  are  found 
engines  of  different  types  and  sizes ;  some  ver\^  large 
ones,  built  not  with  regard  to  close  regulation,  such 
as  electric  plants  demand,  but  for  heavy  duty  and 
continuous  service.  They  are  used  to  pump  the  oil 
from  the  oil  fields  to  the  points  where  it  is  to  be 
refined.  And  there  are  engines  there  whose  records 
for  long  time  of  running  compare  favorably  with 
the   large   steam    pumping   engines. 

One  central  station  operating  on  natural  gas,  from 
which  I  was  able  to  get  definite  information  as  to  the 
results  obtained,  was  that  of  the  Bradford  Electric 
Light  and  Power  Company,  of  Bradford,  Pa.  Here 
there  are  three  1 50-horse-power  and  one  210-horse- 
power  gas  engines  which  have  been  in  operation  for 
three  years,  and  that  company  is  just  installing  an  addi- 
tional 210-horse-power  machine.  Mr.  J.  H.  Rose,  who 
is  manager  of  the  plant,  is  a  very  enthusiastic  sup- 
})orter  of  the  gas  engine  for  central  station  work,  as 
an  extract  from  a  letter  from  him  to  the  writer  will 
show.  He  says :  **  I  want  to  start  right  in  by  saying 
that  during  the  three  years  we  have  never  had  an 
engine  lay  down,  nor.  has  one  ever  refused  to  start 
promptly.  To  use  an  expression  of  the  hour,  the  gas 
engine  has  a  steam  plant  skinned  forty  ways.  This 
may  not  be  a  genteel  expression,  but  it  certainly  has 
no  ambiguous  meaning. 

**  Before  adopting  the  gas  engines,  we  were  oper- 
ating our  plant  with  steam,  using  horizontal  tubular 
boilers,  and  high-speed  engines.  The  boilers  were  fired 
with  gas.  The  last  test  made  of  our  steam  plant  was 
made  under  the  most  favorable  conditions,  that  is,  we 
prepared  for  the  test.  The  gas  per  i.  h.  p.  was  51.09 
cubic  feet,  while  with  our  gas  engines,  the  consump- 
tion   per   e.   h.   p.    was    13.6    cubic    feet,    which,    if   re 
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duced  to  mechanical  horse  power,  I  estimate  would  be 
between   1 1   and   1 2  cubic  feet. 

**The  above  figures  will  give  you  an  idea  of  the 
saving  we  have  effected  in  our  fuel,  to  say  nothing  of 
boiler  .and  other  repairs  incident  to  a  steam  plant. 

**Our  gas-engine  repairs  for  the  year  1901  amounted 
to  $196.90,  including  extra  exhaust  valves  for  all  en- 
gines, and  other  parts  not  as  yet  used.  The  differ- 
ence in  inventor)"  would  probably  not  exceed  $100 
for  the   year." 

After  going  on  in  detail  with  some  other  informa- 
tion, not  of  interest  in  connection  with  this  paper,  he 
concludes  by  saying,  **  I  can  only  add  that  our  gas 
engines  are  giving  us  perfectly  satisfactory  service,  and 
I  should  dread  going  back  to  steam." 

The  Winchester  Repeating  Arms  Company,  of 
New  Haven,  Conn.,  is  a  prominent  concern  that  has 
undertaken  the  introduction  of  the  gas  engine  in 
their  factory.  They  now  have  in  use  one  80-horse 
power  and  a  125-horse-power  gas  engine,  and  have 
ordered  three  additional  1 64-horse-power  machines 
which  will  be  direct-connected  to  generators.  These 
engines  are  operated  on  producer  gas,  as  this  company 
uses  producer  gas  for  its  annealing  ovens,  forges,  and 
other  like  purposes.  This  installation  is,  I  believe,  a 
very  interesting  one,  as  it  is  built  on  lines  that  will 
probably  be  followed  extensively  from  this  time  on. 

In  conclusion,  I  will  say,  that  so  far  as  the  ques- 
tion of  reliability  of  operation  is  concerned,  I  believe 
the  early  manufacturers  are  more  to  blame  than  any- 
one else  for  what  trouble  there  is  along  this  line,  for 
the  reason  that  while  experimental  work  was  being 
done  on  the  gas  engine,  far  too  many  of  the  small 
units  were  sold  with  the  assurance  that  **  anyone  can 
run  it.'*      The    same    advice    carried    out    at   the  steam 
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Station  would  put  it  on  losing  basis.  There  are  a  few, 
a  very  few,  small  details  which  demand  intelligence 
and  regular  attendance  in  the  gas  engine,  and  if  these 
proper  conditions  are  maintained  the  engine  will  oper- 
ate satisfactorily,  and  the  attendant's  troubles  are  over. 


Mr.  Uohkrtv  :  I  move  that  the  next  convention 
of  this  association  be  held  in  Chicago,  in  May,  1903. 
In  explanation  of  that  motion  I  will  say  that  this 
convention  should  have  been  held  there,  and  out  of 
courtesy  to  President  Ferguson  I  should  like  to  have 
the  next  meeting  of  the  association  held  in  Chicago. 
I  think  it  is  a  better  convention  city  than  New  York, 
and  it  will  be  advisable  for  us  to  go  there  for  many 
reasons. 

Mr.  Dusman  :  It  seems  as  though  our  eastern 
friends  should  have  some  consideration.  This  vear  in 
Ohio,  the  next  in  Illinois,  and  the  following  year  in 
Missouri  puts  three  conventions  in  succession  rather 
far  west. 

Mr.  Hay:  That  would  ordinarily  be  correct;  but 
going  to  St.   Louis  is  not  an  ordinary  convention. 

Mr.  Maunskll:  In  regard  to  Mr.  Dusman*s  sug- 
gestion that  the  convention  be  held  in  the  east,  I 
think  we  ought  to  take  into  consideration  that  Chicago 
is  in  the  east  considerably.  There  are  some  gentlemen 
here  from  California,  one  or  two  from  Colorado,  and 
I  am  here  from  Kansas.  I  think  there  are  manv  who 
would  like  even  a  more  central  location  than  Chicago. 

Mr.  McGee  :  As  the  subject  has  come  up  of 
getting  in  small  companies  as  members,  I  feel  that 
we  have  in  our  western  country  very  many  small 
companies  that  will  come  in  if  the  meetings  are  kept 
in    a   central  location.     It    is    hard    on    the  representa- 


549 

lives  of  small  companies  to  have  to  travel  very  far. 
As  an  officer  of  the  Iowa  State  Association,  I  have 
reason  to  know  and  feel  the  pulse  of  the  different 
small  stations  in  our  state,  and  I  am  sure  it  will  be 
to  our  advantage  to  have  the  next  convention  in 
Chicago. 

(Mr.  Doherty's   motion,  to  have  the  convention  of 
1903  in  Chicago,  was  unanimously  carried.) 


Secretary  Cahoon  then  presented  the  following 


REPORT    OF    THE    SECRETARY    AND    TREASURER 


RECEIPTS 

Active  membership  dues $3,867  50 

Associate  membership  dues 1,280  00 

$5,147  50 

Sale  Reports  Twenty-fourth  Convention $200  00 

Sale  Badges  Twenty-fourth  Convention moo 

Advertisements  in  proceedings 265  00 

Municipal  fund 295  00 

Received  account  municipal  fund 25  00 

Received  from  publication ^  1 8  44 

$i,OT4  44 

Total  receipts $6,161  9J 

Balance  in  bank  January  r,  1901 $6,019  58 

Debtor  to  petty  cash  January  i,  1901 17  94 

$6,ooT  64 

$12,163  58 

DISBITRSEMENTS 

Salary  of  Secretary $i,coo  00 

Office  rent 420  00 

Stenography   and     typewriting,  including    report    of 

Twenty-fourth  Convention 1,669  95 

Printing   and   stationary,  including   proceedings    and 

papers  read  at  meetings i,937  71 

Postage  and  telegrams 264  55 

Traveling  expenses 192  63 

Sundry  expenses *  23  27 

Badges  T wen  ly-fourih  Convention 128  50 

Municipal  fund  12  50 

Photometric  investigation  fund 100  00 

Furniture 51  00 

Testimonials 25  00 

$5,825   I) 

Net  cash  balance $6,338  47 
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Balance  in  bank  January  i«  1902 $6*332  58 

Balance  in  petty  cash  January  i,  1902 5  89 

$6,338  47 

ASSETS 

Cash  as  above  statement $6,338  47 

Office  furniture,  as  appraised  by  finance  committee. . .      266  00 

$6,604  47 

LIABILITIES 

None 

PHOTOMETRIC   INVESTKMTION    FIND 

Balance $I33  50 

Advance  to  committee 100  00 

Balance 33  5^ 

MUNICIPAL   KCM) 

Balance $2,565  80 

Receipts 295  00 

$2,860  80 
Disbursements  (printing) 12  50 

Balance $2,848  30 

Respectfully  submitted, 

George  F.  Porter, 

Secretary  and  Treasurer. 

(On  motion,  the  report  was  adopted.) 
The  President:  I  want  to  thank  the  members 
for  the  support  they  have  given  the  convention  by 
their  attendance  at  the  sessions.  The  hall  has  been 
very  hot,  and  yet  we  have  had  the  best  attendance  at 
our  sessions  that  we  have  ever  had  ;  and  that  state  of 
affairs  is  always  very  pleasing  to  a  presiding  officer. 
If  we  are  to  succeed  in  making  this  association  what 
we  aspire  to,  have  it — and  for  which  we  have  laid 
plans  at  this  meeting — we  must  have  it  more  cohesive 
than  it  has  been  at  times  in  the  past.  Gentlemen, 
I  thank  you  for  your  support. 

The  convention  then  adjourned. 


RESOLUTIONS  OF  THANKS 


The  following  resolutions  of  thanks  have  been  en- 
grossed and  presented  to  President  Henry  L.  Doherty, 
Vice-President  Charles  B.  Hunt  and  Secretary  George 
F.   Porter : 

Whereas,  The  National  Electric  Light  Association 
in  convention  assembled  at  Cincinnati,  May,  1902,  is 
deeply  sensible  of  the  splendid  work  done  in  its 
behalf  by  the  president,  Henry  Doherty,  during  his 
term  of  office  and  in  other  executive  positions,  it  is 
hereby 

Resolved,  That  the  association  place  on  record  its 
hearty  thanks  to  Mr.  Doherty  for  his  self-sacrificing, 
indefatigable  and  successful  efforts  to  enhance  its 
prestige  and  influence  and  enlarge  its  sphere  of  useful- 
ness, and 

Resolved,  That  the  association  further  record  its 
appreciation  of  Mr.  Doherty's  unfailing  courtesy  as  a 
presiding  officer,  his  conscientious  attendance  at  all 
meetings,  and  his  brilliant  example  as  a  public-spirited 
electric-light  manager,  and 

Resolved,  That  these  resolutions  be  not  only 
entered  upon  the  minutes  but  be  engrossed  and  pre- 
sented to  Mr.  Doherty  as  a  tribute,  inadequate  but 
sincere,  to  his  worth  and  work,  coupled  with  the 
warmest  wishes  for  his  personal  happiness  and  pros- 
perity. 

Louis  A.  Ferguson, 

First   Vice-President, 
Harriet  E.  Billings, 

.     Assistant-Secretary. 
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Whereas,  The  National  Electric  Light  Association 
in  convention  assembled  at  Cincinnati,  May,  1902, 
desires  to  express  its  sense  of  appreciation  to  Vice- 
President  Charles  B.  Hunt  for  his  faithful  and  con- 
tinued service  in  its  behalf,  it  is  hereby 

Resolved,  That  the  association  extends  to  Mr.  Hunt 
its  hearty  and  sincere  thanks  for  his  loyal  and  persist- 
ent work,  his  intelligent  interest  in  its  affairs,  and  his 
readiness  to  bear  responsibilities  in  its  behalf,  and 

Resolved,  That  the  association  recognizes  not  only 
Mr.  Hunt's  worth  as  a  man  but  his  representative 
capacity  as  a  fellow  worker  in  the  electric-lighting  field 
in  the  great  Dominion  of  Canada,  where  the  body  has 
enjoyed  the  most  cordial  welcome  and  hospitality,  and 

Resolved,  That  these  resolutions  be  duly  entered 
upon  the  minutes  and  that  an  engrossed  copy  be  pre- 
sented to  Mr.  Hunt,  coupled  with  the  esteem  and 
warmest  good  wishes  of  all  his  brother  members. 

Henry  L.   Dohertv, 

President, 

James  B.  Cahoon, 

Secretary. 


Whereas,  The  National  Electric  Light  Associa- 
tion has  learned  that,  owing  to  imperative  business 
reasons,  Mr.  George  F.  Porter  is  compelled  to  tender 
his  resignation  as  secretary,  it  is  hereby 

Resolved,  That  the  association  takes  this  opportu- 
nity, at  its  annual  convention,  at  Cincinnati,  May, 
1902,  to  express  its  deep  sense  of  regret  at  this  seri- 
ous loss,  and 

Resolved,  That  the  association  desires  to  put  on 
record  its  appreciation  of  the  loyal  and  intelligent 
service  rendered  it    by  Mr.   Porter    for    ten    years,  and 
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for  the  excellent  results  that  have  attended  his  efforts 
to  promote  the  welfare  of  the  association  and  the  in- 
terests of  those  engag^ed  in  the  electric-lighting  field  ; 
and 

Resolved,  That  this  expression  of  esteem  and  good 
will  be  entered  upon  the  minutes  of  the  association 
and  be  presented  to  Mr.  Porter  in  engrossed  form. 

• 

Henry  L.  Doherty, 

President, 

James  B.  Cahoon, 

Secretary. 


QUESTION    BOX 

/. — Is  it  possible  to  operate  induction  motors  for 
elevator  service  and  other  i?ttermittent  use  from  lighting 
feeders  ivithont  serious  disturbance  to  electror^otive 
force  ? 

Yes.  Induction  motors  can  be  used  for  elevators 
and  other  intermittent  services,  and  if  the  proper  tyj^e 
be  installed  they  will  cause  practically  no  more  dis- 
turbance on  the  lighting  feeders  than  would  be  caused 
by   the    corresponding    direct-current   shunt    motor    for 

the  same  service. 

Ralph  D.   Mershon, 

New  York  City. 

My  experience  is  that  it  is  not  possible  to  operate 
induction  motors  for  intermittent  service  from  lighting 
feeders  without  interference  with  the  lighting.  My 
experience  includes  single-phase  up  to  seven  and  one- 
half  horse  power,  three-phase  up  to  15  horse  power. 
The  single-phase  motors  have  been  operated  from  a 
large  system  of  secondary  mains  and  separate  trans- 
formers ;  the  three-phase  have  been  operated  only  from 
separate  transformers,  and  I  have  found  in  all  cases 
that  they  produce  a  serious  disturbance  to  the  lighting. 

W.    T.    O VI ATT, 

Bridgeport,  •Conn. 

Our  motor  business  is  all  three-phase,  and  we  do 
not  allow  any  elevator  service  on  our  three-phase 
motors  unless   the   motor   is   running   continuously   on 
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tight-and-loose  pulley,  or  in  case  of  a  hydraulic 
elevator  with  a  by-pass  valve,  as  it  causes  too  much 
disturbance  in  the  electromotive  force  on  our  gener- 
ators. I  would  add  that  all  of  our  power  service  is 
on  independent  circuits  from  our  lighting. 

F.  L.  Sargent, 
Maiden,  Mass. 

The  experience   in    El    Paso  with  induction  motors 

for  elevators  has  been   that   the   frequent   starting   and 

stopping  causes  the   line   current   to   fluctuate   to   such 

an  extent   that    it   is    impossible    to    do   a    satisfactory 

lighting   business  from  the  same  line.     This   is   not   so 

important  if  a  special  power  circuit  is  run,  but,  as  the 

starting     current    is    often     four     times     the     full-load 

current,  it    is   evident    that    large   generators  would    be 

required  to  take  care   of   a   relatively  small   amount  of 

business. 

J.  E.  Barker, 

El  Paso,  Tex. 

Yes,  under  certain  relative  conditions  between 
generator  and  motors,  and  if  the  motor  is  supplied  by 
an  independent  transformer  or  a  bank  of  transformers 
whose  capacity  is  largely  relative  to  the  motor. 

J.  H.  Perkins, 

Youngstown,  O. 

Induction  motors  may  be  operated  for  elevator 
service,  and  other  intermittent  uses,  from  lighting 
feeders  without  serious  disturbance  of  the  pressure, 
under  certain  conditions.  In  Chicago,  this  class  of 
service  is  being  carried  on  four-wire,  three-phase 
circuits,  operated  at  2,200  volts   from   neutral  to  phase 
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wire,  with  3,800  volts  between  phase  wires.  The 
circuits  carrying  these  motors  carry  the  lighting  load 
on  one  phase,  the  size  of  the  wire  on  that  phase  and 
the  neutral  being  designed  to  give  five  per  cent  drop 
from  the  station  to  the  distributing  centre.  The  other 
two-phase  wires  are  No.  6  uniformly,  the  lighting 
wires  being  mostly  No.  2  wires.  Such  a  circuit  will 
carry  elevators  operated  by  lo-hp  or  15-hp  motors, 
without  serious  disturbance  in  the  pressure  at  a  dis- 
tance   of    two    to    three    miles    from    the    station    or 

sub-station. 

H.   B.  Gear, 

Chicago,  111. 

There  is  no  difficulty  in  operating  induction  motors 
for  elevator  service  from  a  central  station,  provided 
reasonable  precautions  are  taken  to  insure  good 
potential  regulation.  The  motors  should  be  of  the 
type  having  starting  resistance  in  the  secondary,  and 
motors  with  squirrel-cage  armatures  should  not  be 
permitted  except  in  very  small  sizes,  as  they  take 
from  three  to  five  times  full-load  current  at  starting. 
If  the  generators  are  large,  the  *bus-bar  potential  will 
not  vary  very  materially  with  any  ordinary  size  of 
motor.  If  the  generators  are  of  small  size  compared 
with  the  current  taken  by  the  motors,  constant 
potential  can  still  be  maintained  by  using  a  special 
form  alternator  or  a  pressure  regulator.  Either  method 
will  compound  the  generator  automatically  and  give 
constant  potential  under  varying  load. 

We  recently  had  an  extreme  case  at  Lockport, 
N.  Y.,  where  a  squirrel-cage  armature  motor  of  50 
horse  power  made  by  one  of  our  competitors,  which 
should  never  have  been  tolerated  on  the  lighting 
system,  was  operating  from  a  200-kw  alternator.      The 
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motor  took  between  full-load  and  twice  full-load 
current  from  the  generator  at  starting,  and  without  a 
proper  regulator  practically  put  the  generator  out  of 
service  every  time  the  motor  started  up.  With  the 
regulator,  they  are  able  to  run  this  motor  without 
seriously  affecting  their  regulation. 

The  drop  in  the  feeders  should  be  made  as  small 
as  possible.  I  see  no  necessity  for  over  five  per  cent 
with  an  alternating-current  system.  Under  such  con- 
ditions, with  constant  potential  in  the  power  house, 
you  are  not  liable  to  have  serious  fluctuations  at  the 
ends  of  the  feeders.  If  a  large  drop  is  necessary, 
automatic  feeder  regulators  should  be  used. 

F.  O.  Blackwell, 
Schenectady,  N.  Y. 


DISCUSSION 

Mr.  Charles  F.  Scott  :  It  appears  to  be  the 
same  answer  again — it  depends  on  conditions ;  some- 
times you  can,  and  sometimes  you  can  not.  That  is 
the  true  answer,  just  as  is  indicated  by  the  variety  of 
answers  that  have  been  read.  In  some  stations,  where 
the  conditions  are  favorable,  various  classes  of  motors 
can  be  operated  without  interference  to  the  lighting 
service;  in  other  cases  it  is  not  possible.  The  same 
statement  might  be  made  with  regard  to  direct-current 
motors.  The  question  might  be  put :  Is  it  possible 
to  operate  direct-current  motors  for  elevator  service 
and  lighting  on  the  same  circuits?  I  know  of  con- 
ditions where  the  induction  motor  has  been  criticized 
for  not  doing  good  work  on  elevators  where  a  direct- 
current  motor  would  not  be  used,  and  in  such  cases 
the  induction  motor  is  expected  to  do  more  than  the 
direct-current  motor  would  do. 
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2. —  What  specification  should  prevail  in  purchas- 
ing induction  motors  to  insure  least  disturbance  to  line 
electromotive  force  ? 


The  type  of  motor  should  be  that  having  a 
rheostat  included  in  its  secondary  circuit,  the  rheostat 
being  such  that  it  may  be  cut  out  by  as  great  a 
number  of  steps  as  is  necessary  to  keep  the  disturb- 
ance down  to  the  point  desired.  In  specifying  the 
number  of  steps  there  shall  be  in  the  rheostat  and  the 
magnitude  of  each  step,  one  should  follow  the  course 
which  would  be  followed  in  specifying  the  starting 
rheostat  for  a  direct-current  shunt  motor  for  the  same 
service  as  that  which  the  induction  motor  has  to  meet. 
In  addition,  the  moter  should  of  course  have  as  high 
a  power  factor  at  all  loads,  and  especially  light  loads, 
as    is   consistent  with    the    maximum    torque    that    will 

be  required  of  it. 

Ralph  D.   Mershon, 

New  York  Citv. 

I  inclose  herewith  a  copy  of  the  specifications 
covering  the  installation  of  induction  motors  on  the 
circuits  of  the  Brooklyn  Edison  Company.  These  call 
for  motors  of  five  horse  power  and  over,  which  will 
give  full-load  torque  with  full-load  current. 

F.  O.   Blackvvell, 

Schenectady,  N.   V. 

DISCISSION 

Mr.  Chari.es  F.  Scott:  With  regard  to  the 
specifications  for  purchasing  induction  motors,  specifi- 
cations are  sometimes  presented  which  place  the  start- 
ing current  as   a    certain  fraction    of   the    full-load  cur- 
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rent,  independently  of  the  size  of  the  motor.  That  is 
evidently  not  a  fair  thing,  as  a  circuit  that  will  enable 
a  lo-hp  motor  to  start,  taking  its  normal  full-load 
current,  would  permit  of  a  i-hp  or  2-hp  motor  being 
started  with  two  or  three  or  four  times  its  full-load 
current,  and  not  make  the  same  disturbance  on  the 
circuit  that  the  lo-hp  motor  would  make  when  start- 
ing with  only  its  norm?.l  current.  It  would  be  better, 
therefore,  in  specifications  of  this  kind,  to  place  some 
limit  upon  the  amount  of  current  that  can  be  taken 
from  the  circuit,  or  to  make  different  specifications  for 
diflferent  sizes  of  motors  instead  of  making  a  specifi- 
cation that  refers  alike  to  all  motors.  If  the  starting 
current  is  specified  in  terms  of  a  full-load  current, 
then  it  may  be  that  a  poor  motor  will  pass  the 
specifications  and  a  good  motor  will  not.  For  ex- 
ample, suppose  two  motors  were  used  that  took  the 
same  starting  current,  but  one  of  them  took  a  con- 
siderably greater  running  current  than  the  other ;  the 
one  with  the  greater  running  current  would  be  the 
poorer  motor,  but  as  it  takes  less  starting  current  it 
might  pass  the  specifications  where  the  other  motor 
would  not. 

The  answers  to  this  and  the  preceding  question 
should  come  preferably  from  those  operating  stations, 
if  they  can  give  their  experiences  and  the  conditions 
under  which  they  get  favorable  or  unfavorable  results. 
The  discussion  of  questions  of  this  kind  by  men  who 
are  doing  the  work  is  particularly  valuable. 
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3. —  What  has  been  the  experience  from  nse  of  sin- 
gle-phase induction  motors  above  one  horse  power  on 
lighting  feeders  ? 

Wc  have  in  use  one  4ohp,  one  1 5-hp  and  one 
25-hp  induction  motor  on  our  lighting-service  lines, 
with  no  bad  results,  although  it  is  true  that  there  is  a 
variation  of  the  voltage  in  starting  and  stopping  them. 

R.  J.  Patterson, 

Waterville,   Me. 

Before    having    our    power   circuits   completed    we 

had  several  single-phase  motors  on  our  lighting  feeders, 

from    one    and    a  half   to    five    horse   power,  and  they 

have  caused  us  no  trouble. 

F.  L.   Sar(;ent, 

Maiden,   Mass. 

A  1 5-hp  single-phase  induction  motor  caused  no 
disturbance  in  regulation  ;  at  least,  no  complaints  were 
received  that  could  be  attributed  to  it.  The  motor 
was  in  use  for  five  months  prior  to  December  24, 
1 90 1,  and  was  used  for  operating  a  stone  crusher. 

W.  J.  Greene, 

Cedar  Rapids,   la. 

We  have  had  a  15-hp  single-phase  induction  motor 
running  a  pump,  current  being  generated  at  water- 
power  station  five  miles  away.  Every  time  the  motor 
is  started  or  stopped  every  incandescent  light  in  town 
is  affected.  It  is  a  great  nuisance.  The  question 
might  well  be:    What  is  the  remedy? 

C.  E.   Burrows, 

Walla  Walla,  Wash. 
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The  largest  single-phase  induction  motor  that  we 
have  on  lighting  feeders  is  three  horse  power.  We 
have  had  no  trouble  from  motors  up  to  this  size  in- 
terfering with  the  regulation  on  the  lighting  system. 
We  have  had  no  experience  with  larger  sizes. 

H.    J.    GiLLE, 

St.   Paul,   Minn. 

Up  to  sizes  on  our  lines — 20  horse  power — we 
have  found  them  satisfactory  in  every  way,  and  they 
will  do  all  that  can  be  done  with  a  multiphase  motor. 
They  have  an  advantage  in  requiring  only  two  wires 
and  one  transformer,  which  makes  the  cost  of  instal- 
lation less  and  makes  it  economical  to  reach  out-of- 
the-way  places  as  well  as  the  points  near  the  centre 
of  distribution.  Motors  that  have  been  in  service 
some  three  years  have  never  caused  repairs  or  trouble. 
Relative  to  this  question,  we  might  say  that  we  would 
rather  have  ten  alternating-current  motors  on  our  line 
than  one  direct-current.  We  now  operate  500-voIt 
direct-current  and  both  single  and  multiphase  motors. 

J.  H.  Perkins, 

Youngstown,  O. 

The  entire  alternating-current  distribution  of  this 
company  is  single-phase.  In  the  concentrated  busi- 
ness district  we  have  the  transformer  secondaries 
cribbed  on  a  three-wire  system,  this  network  being 
fed  from  large  transformers,  the  primary  circuits  of 
which  are  independently  controlled  from  the  station 
distribution  switchboard.  This  network  is  of  ample 
capacity  for  almost  any  demand  that  may  be  made 
upon  it,  and   throughout   this   district  it   has  been    our 

37 
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practice  to  place  no  limit  upon  the  sizes  of  single- 
phase  alternating-current  motors  installed.  We  have 
several  hundred  single-phase  motors  operating  with 
entire  success  on  this  underground  network,  a  number 
of  which  installations  have  individual  units  as  high  as 
35  horse  power,  with  individual  customers  taking  as 
high  as  75  to  100  horse  power  for  motor  service 
alone.      Practically    all    of    these    motors    are    of    the 

company's    type,    wound    for    208    volts.       In 

starting  they  are  thrown  on  104  volts,  on  which 
pressure  they  run  up  to  about  two-thirds  speed,  and 
are  then  thrown  over  to  the   208-volt  feeders. 

We  have  no  difficulty  from  operating  incandescent 
lamps  and  single-phase  motors  on  the  same  service 
feeders,  and  the  use  of  single-phase  ^motors  in  prefer- 
ence to  other  methods  has  enabled  the  company  to 
simplify  very  greatly  its  general  distribution  system. 
In  the  outlying  districts  of  the  city  our  alternating 
feeders  are  of  loo-kw  capacity  each.  On  these  cir- 
cuits we  permit  the  installation  of  single-phase  motors, 
under  our  supervision,  up  to  10  and  15  horse  power.  In 
one  particular  instance  we  have  a  15-hp  motor  oper- 
ating satisfactorily  at  a  distance  of  four  miles  from 
the  station.  It  is  our  practice  to  require  all  these 
motors  to  be  wound  for  208  volts,  and  we  exact  that 
they  be  started  on  104  volts  in  exactly  the  same  way 
as  in  the  down-town  district.  By  careful  supervision 
of  these  outlying  installations,  we  have  been  able  to 
take  on  a  great  deal  of  alternating-current-motor 
service  without  detriment   to   our   lighting  distribution. 

In  our  opinion,  the  single-phase  motor  of  to-day 
is  a  thoroughly  practical  and  satisfactor}'^  machine,  and 
if  installed  with  intelligent  supervision  it  affords  a 
means  of  securing  a  very  satisfactory  alternating  day 
load  from  districts    into  which   it   would    be  expensive 
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and  inconvenient  to  carry  either  multiphase  alternating 
or  direct-current  systems  of  distribution. 

Missouri-Edison  Electric  Company, 

St.  Louis,  Mo. 

Our  experience  with  single-phase  induction  motors 
above  one  horse  power  on  lighting  feeders  has  been 
quite  satisfactory.  We  have  a  number  of  these  motors 
installed,  and  by  putting  in  sufficient  transformer 
capacity,  as  recommended  by  the  companies  furnish- 
ing the  motors,  we  find  no  difficulty  or  inconvenience 
in  installing  them  on  our  light  feeders  and  think  their 
use  beyond  our  regular  power  circuit  quite  a  help. 

QuiNcv  Gas  and  Electric  Company, 

Quincy,  111. 

Single-phase  motors  of  one  to  three  horse  power 
are  being  operated  for  general  power  work  from  light- 
ing feeders  in  large  numbers  in  Chicago.  Such  motors 
will  often  produce,  when  started,  a  dip  of  about  five 
per  cent  in  the  primary  pressure,  but  as  these  are  not 
usually  started  more  than  two  or  three  times  a  day, 
and  at  times  when  very  little  lighting  is  in  use,  ther^ 
has  been  no  difficulty  with  customers'  complaints  on 
account  of  these  motors  being  on  the  same  circuit. 
Motors  of  one  horse  power  or  larger  are  carried  on 
separate  transformers.  In  a  few  instances,  installations 
of  several  2-hp  motors  aggregate  lo  to  12  horse  power. 
These  motors  have  been  found  to  affect  the  shape  of 
the  day-load  curve  very  noticeably. 

Chicago  Edison  Company, 

Chicago,  111. 

We  have  two  single-phase  induction  motors  of  25 
horse  power,  three  of  10  horse  power,  and  two  of  two 
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horse  power.  The  two  25-hp  motors  have  particularly 
hard  service.  One  is  used  to  pump  water  from  the 
city  reser\'oir  to  the  tank,  being  run  after  midnight, 
without  attendance,  and  liftinur  15,000  gallons  150  feet 
high  through  6,000  feet  of  six-inch  pipe.  The  other 
is  used  to  run  a  clay  grinder  in  a  pottery,  and  has  to 
contend  with  a  variation  of  from  no-load  to  30  horse 
power  every  half  hour  and  also  a  change  of  six  horse 
power  in  the  load  five  times  every  two  minutes. 
These  motors  are  all  run  from  a  6o-kw  dynamo,  and 
with  one  exception  are  all  on  the  lighting  feeders. 
We  have  never  had  any  trouble  with  the  motors  nor 
any  complaints  from  our  customers  regarding  the  light 
furnished.  The  motors  are  in  first-class  condition,  and 
we  see  no  reason  why  f hey  will  not  continue  to  give 
good  service  for  vears. 

WiuTK  Hall  (111.)  Elkctric  Company. 

Such  single-phase  motors  as  have  been  furnished 
up  to  this  time  have  taken  excessive  current  at  start- 
ing and  have  had  a  low  starting  torque.  I  should 
advise  putting  in  multiple  feeders,  and  believe  that 
the  three-phase  system  with  a  three-phase,  four-wire 
distribution  is  the  best.  Where  it  is  necessary  to  use 
single-phase  motors,  those  only  that  have  the  highest 
power  factor  and  that  take  the  smallest  current  should 
be  employed.  F.  O.   Black wkll, 

Schenectady,   N.   V. 

DLSCUSSION 

The  Prhsidknt:  Mr.  Oviatt  said  these  motors 
were  not  satisfactory,  and  included  a  consideration  of 
them  in  his  answer  to  question  No.  i.  Do  any  of 
the  members  desire  to  discuss  this  question  ? 


565 

Mr.  Arthur  Williams  :  I  do  not  know  that 
thi$  question  can  be  answered  under  that  head,  but  1 
should  like  to  know  if  anyone  can  say  why  there 
should  be  a  material  difference  in  cost  between  single- 
phase  motors  and  two-phase  or  three-phase  motors. 
Why  should  not  the  cost  of  a  single-phase  motor  be 
more  in  proportion  with  the  cost  of  the  other  type? 

Mr.  Behrend:  Any  multiphase  motor  gives  its 
output  with  less  material  than  a  single-phase  motor. 
Vou  may  consider  a  single-phase  motor  as  a  three- 
phase  motor  one  phase  of  which  is  cut  out  or 
interrupted. 

Mr.  Williams:  1  understand  that  the  answer  is 
simply  that  there  is  more  material  required  per  horse 
power  in  the  single-phase  motor,  and  that  on  that 
account  the  cost  is  more  for  that  motor? 

Mr.  Behrend:  There  is  a  difference  between 
cost  and  price.  You  have  to  compare  shop  cost  and 
selling  price  on  two  entirely  different  bases.  Vou 
may  be  able  to  sell  a  three-phase  motor  for  about 
50  per  cent  more  than  a  single-phase  motor,  but  the 
cost  of  the  single-phase  motor  is  greater  than  that  of 
the  three-phase  motor. 

The  President:  The  selling  price  is  what  the 
traffic  will  bear,  and  not  what  the  apparatus  will  cost. 
This  is  not  always  the  case,  but    it    is  sometimes  true. 

Mr.  Williams:  I  was  surprised  a  week  ago  to 
find  that  a  half-hp  single-phase  motor  cost  40  per 
cent  more  than  a  half-hp  two-phase  motor. 

Mr.  Behrend:  It  is  perfectly  natural  that  a 
single-phase  motor  should  cost  more  than  a  two-phase 
motor,  because  it  contains  considerably  more   material. 

Mr.  R.  W.  Rollins:  Can  anyone  tell  me  why 
the  price  list  on  the  two-phase  induction  motor  should 
be  greater  ihan  on  the  direct-current  motor? 
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The  President  :  I  think  1  shall  call  on  Mr. 
Frank  H.  Taylor,  of  the  Westinghouse  company,  to 
answer  that  question. 

Mr.  C.  C.  Badeau  :  As  to  the  relation  between 
the  prices,  I  know  that  certain  single-phase  motors  do 
not  sell  for  more  than  the  three-phase  or  quarter- 
phase  motors. 

The  President  :  Mr.  Taylor,  we  want  to  know 
why  a  two-phase  or  polyphase  motor  costs  more  than 
a  direct-current  motor  or  single-phase  motor. 

Mr.  Behrend  :  The  statement  has  been  made 
that  the  single-phase  motor  costs  more  than  the  poly- 
phase motor.  I  believe  that  was  the  question  that 
was  asked. 

The  President:  Is  the  price  fixed  on  what  the 
traffic  will  bear  or  on  what  the  apparatus  costs? 

Mr.  Taylor:  I  think  I  had  better  invite  some 
engineers  to  dinner.  I  think  that  is  a  commercial 
question,  altogether,  and  I  do  not  understand  that  we 
are  here  to  discuss  commercial  questions  of  this  kind. 
As  I  understand  it,  however,  the  experience  of 
central-station  people  with  alternating-current  motors 
is  about  the  experience  that  1  used  to  have  as  a 
salesman  for  Yale  locks.  There  was  no  ap[)arent 
reason  why  Yale  locks  should  cost  more  than  Corbin 
locks  or  the  locks  of  any  good  manufacturer ;  but  no 
one  who  bought  a  Yale  lock  was  ever  sorry  that  he 
bought  it  and  paid  the  price  for  it.  The  same  thing 
is  true  of  induction  motors ;  the  price  is  not  excessive, 
and  anyone  who  buys  one  motor  buys  more  and 
appears  to  be  happier  than  before. 
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4. —  What   system  of  charging  best   lends   itself  to 
the  supply  of  power  with  induction  motors? 


A  two-rate  system  in  which  allowance  is  made  for 
the  cost  of  increased  investment  in  generator,  trans- 
former and  wire  capacity,  due  to  the  effect  of  the  low 
power  factor.  W.  J.  Greene, 

Cedar  Rapids,  la. 

A  consumer  should  be  charged  for  **  readiness  to 
serve  ^'  on  basis  of  maximum  demand  of  motor.  The 
maximum  demand  should,  in  this  case,  be  considered 
the  demand  that  would  blow  a  fuse  of  rated  capacity, 
as  distinguished  from  instantaneous  demand. 

Anonymous. 


5. — How  may  powe^  m^arket  be  best  developed? 


This  is  a  question  of  making  the  price  right  and 
letting  people  know  it.  They  all  look  at  the  rate,  and 
to  make  a  low  meter  rate  it  is  necessary  to  have  an- 
other charge  to  make  up  for  the  loss  due  to  the  fact 
that  the  motor  is  not  used  all  the  time,  or  at  full 
capacity.  This  is  easiest  done  by  a  **  service  charge," 
as  adopted  by  the  Niagara  Falls  Power  Company. 
Information  as  to  the  cost  of  maintaining  and  operat- 
ing steam  and  gas  engines  is  necessary. 

R.  J.  Patterson, 

Water\^ille,  Me. 

First — Arrange  the  plant  and  distribution  system 
so  as  to  reduce  the  manufacturing  and  distribution 
cost  per  kilowatt  to  a  minimum. 
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Second — Present  the  advantages  of  electric  power 
to  the  public  through  capable  solicitors,  and  show  par- 
ticularly that  they  can  purchase  power  cheaper  than 
thev^  can   manufacture  it.         E.   H.   Mather, 

Portland,   Me. 

By  selling  motors  on  a  small  margin  of  profit. 
Where  a  customer  who  uses  steam  thinks  of  making 
a  change  in  power,  offer  to  take  a  few  steam  indi- 
cator diagrams  under  varying  loads,  from  which  calcu- 
late the  average  horse  power,  and  then  give  him  an 
idea  of  what  it  will  cost  approximately.  Nine  out  of 
ten  men  do  not  understand  what  a  kilowatt-hour 
means.  The  price  charged,  of  course,  must  vary  with 
local  conditions,  but  rates  should  be  such  as  to  be 
favorable  when  compared  with  the  burning  of  coal. 

Chas.   H.   Peters, 

Durango,  Col. 

I  do  not  think  any  general  scheme  for  developing 
the  power  market  will  be  capable  of  universal  applica- 
tion. I  think  the  best  results  will  be  obtained  by 
employing  a  competent  engineer  to  solicit  power  busi- 
ness, letting  him  apply  individual  methods  to  the  case 
of  each  power  consumer  who  already  has  a  power 
plant  of  his  own.  The  greatest  difficulty  in  the  way 
of  obtaining  power  consumers  is  the  fact  that  they 
always  believe  their  power  is  costing  them  much  less 
than  it  really  is,  and  they  also  think  they  are  using 
much  more  power  than  they  really  are.  These  two 
obstacles  can  be  overcome  by  keeping  close  track  of 
their  costs,  and  the  amount  of  their  power  consump- 
tion can  be  obtained  by  proper  engineering  investiga- 
tion.    The  total  powder   is  best   obtained  by  indicating 
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the  engine,  and  the  transmission  losses  are  measured 
by  running  certain  groups  of  machinery  independently 
on  some  idle  day  when  the  factory  is  not  in  operation. 

Anonymous. 

By  putting  in  the  field,  as  exclusive  power  soli- 
citors, men  who  have .  had  some  experience  in  the 
arrangement  and  running  of  machinery,  to  talk  up  in 
detail  with  the  users  of  power  the  advantages  of  elec- 
trical machinery  ;  by  making  it  particularly  easy  for  a 
man  to  install  the  service,  either  by  'selling  motors 
yourself  without  profit,  or  by  selling  them  upon  time 
basis  over  one  or  two  years  with  very  small  interest 
charge ;  by  assuming^  that  no  good  business  man  is 
going  to  take  up  with  a  new  thing  at  a  considerable 
expense  unless  the  concern  that  is  selHng  it  is  suf- 
ficiently anxious  to  get  it  in  to  do  the  walking  and 
talking,  and  is  willing  to  assume  at  least  part,  if  not 
all,  of  the  chances  of  its  being  unsatisfactory. 

John  F.  Gilchrist, 

Chicago,   111. 

As  a  preliminary  to  inducing  a  customer  to  contract 
for  the  supply  of  electric  power,  it  is  necessary  to 
have  him  ascertain  as  nearly  as  possible  what  his 
power  is  costing  him  under  present  conditions,  since 
in  the  great  majority  of  cases  the  proprietor  of  a 
manufacturing  establishment  has  most  erroneous  views 
regarding  this  point. 

In  arranging  a  schedule  of  rates,  favor  as  far  as 
possible  the  customer  with  a  high  average  demand ; 
the  rates  for  the  customer  who  has  a  very  variable 
load,  or  a  very  high  maximum  and  a  low  average, 
being  necessarily  higher,  but  still  below  the  cost  of 
power  when  supplied  from  an  isolated  plant. 
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Make  a  reasonable  reduction  in  rate  as  the  quantity 
increases,  in  order  to  encourage  the  large  power  users 
to  employ  electric  power  in  their  installations. 

Make  the  bases  of  measurement  the  volt-ampere, 
not  the  watt,  and  charge  for  the  input  to  the  motor ; 
as  it  is  only  under  these  conditions  that  all  customers 
are  treated  alike. 

Have  several  bases  for  charging.  Quote  equivalent 
rates  in  several  ways,  so  that  the  customer  may  select 
the  one  he  thinks  best  suits  his  particular  case. 

Cultivate  the  service  field  as  much  as  possible  by 
oflfering  good  discounts  to  customers  who  are  willing 
to  shut  down  their  motors  in  whole  or  in  part  during 
the  time  of  the  peak  lighting  load.  In  case  of  fixed 
and  meter  rates,  take  this  discount  oflf  the  fixed  por- 
tion, where  it  will  be  noticed  and  will  be  more  attrac- 
tive to  the  customer.  On  opening  this  question  of 
limited  service  with  a  customer,  he  is  likely  to  be 
somewhat  sceptical  about  the  possibility  of  his  doing 
this ;  but  if  proper  discounts  are  allowed,  many  cus- 
tomers will  be  found  who  can  take  power  under  this 
class  of  contract  to  the  advantage  of  both  customer 
and  station.  P.  G.  Gossler, 

Montreal,  Canada. 


6. — Does    it  pay  to    rent  motors,  and  how    should 
rental  price  be  computed? 


It  does  not  pay  to  rent  motors. 

R.  J.   Patterson, 

Waterville,   Me. 

In  answer  to  this  question,  I  would  simply  say,  No. 
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Most    of    us    are    already    burdened    with    plenty    of 
investment,  with  its  attendant  fixed  charges. 

J.  W.  Cartwright, 

Bangor,  Me. 

In  answer  to  this  question,  I  would  say  that  I  do 
not  consider  it  wise  to  place  motors  on  this  basis  for 
the  sake  of  the  rental  alone,  on  account  of  the  usual 
rapid  deterioration  of  the  motors  and  the  tendency  of 
all  people  to  be  rather  more  careless  in  their  care  of 
rented  property,  than  of  that  in  which  they  have 
actual  ownership.  1  believe  it  is  better  in  every  in- 
stance to  have  the  ownership  of  the  motor  in  the 
user,  even  if  the  company  has  to  carry  the  motor  for 
a  considerable  length  of  time,  allowing  the  owner  to 
make  payments  on  instalments,  but  giving  satisfactory 
surety,  such  as  a  lien  on  the  motor  itself.  There  are 
instances,  however,  where  we  have  found  it  necessary 
to  put  motors  on  a  rental  basis.  This  has  almost 
always  been  done  for  one  of  two  reasons : 

First — On  account  of  a  change  in  the  power 
service  from  direct  to  alternating  current  and  the 
inability  to  get  the  customer  to  pay  a  fair  portion  of 
the  cost  of  such  change.  In  a  few  such  cases  we 
have  placed  motors  on  a  rental  basis. 

Second — In  cities  where  no  power  business  has 
been  done,  but  where  it  is  very  desirable  to  make  a 
start  and  where  the  user  has  a  considerable  investment 
in  a  steam  plant,  which  he  is  unwilling  to  increase 
by  the  purchase  of  a  motor. 

In  view  of  the  hazardous  nature  of  these  rentals, 
however,  we  always  base  the  rental  on  a  sum  varying 
from  15  to  20  per  cent  of  the  cost  of  the  motor. 

F.  P.  RovcE, 

Maiden,  Mass. 
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I  do  not  think  it  best  to  rent  motors  generally, 
and  I  do  not  think  it  necessary  to  do  so.  In  some 
particular  cases  power  consumers  can  not  be  obtained 
unless  some  way  is  found  to  supply  the  motor  to  the 
proposed  consumer  without  a  heavy  cash  investment. 

If  a  cash  sale  can  not  be  made,  I  believe  the  best 
scheme  is,  first,  to  try  to  sell  the  motor  to  the  con- 
sumer on  the  instalment  plan,  but,  failing  in  this,  I 
would  recommend  renting  the  motor  rather  than  los- 
ing the  customer's  business.  The  rental  price  of  the 
motor  ought  to  be  not  less  than  one-sixth  of  its  cost, 
unless   the    profit  on  his  consumption    fully  warrants  a 

much  lower  rental  rate. 

AxoNVMors. 


The  writer  has  had  no  experience  in  renting  motors, 
but,  while  he  is  very  willing  to  be  convinced  that  it 
is  wise  if  there  is  anything  in  it  for  the  company 
that  he  represents,  his  off-hand  judgment  is  that  it  is 
better  to  sell  the  motor  upon  a  time  basis,  which  in 
practice  is  very  like  renting,  but  where  the  responsi- 
bility is  thrown  more  upon  the  customer  and  where 
the  customers  sense  of  ownership  leads  him  to  take 
more  interest  in  the  care  of  the  motor  than  would 
otherwise  be  taken  and  to  assume  repairs  more  readily. 

John  F.  Gilchrist, 

Chicago,   111. 

From  the  standpoint  of  the  supply  company  that 
is  entirely  independent  of  manufacturing  interests,  it 
does  not  under  ordinary  conditions  pay  to  rent  motors. 
One  of  the  most  important  points  in  connection  with 
the  supply  of  current  is  to  make  the  service  as  nearly 
as  possible  secure  from  interruption.    Where  the  motor 
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is  supplied  by  the  station  the  customer,  as  a  rule, 
makes  no  distinction  between  interruption  due  to  de- 
fects in  the  motor  and  interruptions  due  to  lack  of 
current,  and  the  reputatij^A  of  the  supply  company  is 
likely  to  suffer  in  this^espect.  Difficulties  arise  that 
are  due  to  neglect  on  the  part  of  the  customer  to 
care  for  the  motor  properly,  and  he  is  likely  to  be 
dissatisfied  in  the  adjustment  of  the  cost  of  repairs. 
Induction  motors  have  now  reached  such  a  state  of 
development  that  there  is  no  longer  any  uncertainty 
about  the  investment  being  subject  to  heavy  deprecia- 
tion, and  there  is  therefore  no  reason  why  a  customer 
should  not  buy  his  own  motor. 

If  motors  are  rented,  the  rate  should  be  a  definite 
percentage  of  the  selling  price,  the  customer  having 
the  option  of  buying  .the  motor  within  a  given  time, 
being  allowed,  if  he  does  so,  a  part  of  the  rental 
toward  the  purchase  price.         P.  G.  Gossler, 

Montreal,  Canada. 


DISCUSSION 

Mr.  Arthur  Williams:  We  have  found  it 
profitable  in  a  few  instances  to  sell  motors  on  the 
instalment  plan,  but  have  never  attempted  to  rent 
them.  It  w^ould  seem  a  mistake  to  attempt  the  sale 
of  a  motor  by  comparing  the  cost  of  electric  power 
as  purchased  through  a  meter  with  the  cost  of  coal 
consumed  in  running  a  small  steam  engine,  unless  the 
attendant  advantages  of  electric  power  be  also  referred 
to.  Many  wnll  remember  the  figures  published  in 
reference  to  the  substitution  of  electric  power  in  the 
Government  Printing  Office  at  Washington,  the  figures 
being  very  complete,  and  available  to  anyone.  As  I 
remember,  the  cost   of   maintaining   that    institution    is 
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about  $ii,ooo  daily;  with  the  substitution  of  electric 
power  it  was  expected  that  approximately  $30,000 
would  be  saved  annually,  which  would  represent  a 
very  good  return  upon  the  cost  of  making  the  change. 
They  found,  however,  that  in  addition  to  this  the  out- 
put of  the  establishment  was  increased  about  1 1 
per  cent,  without  any  corresponding  increase  in 
operating  costs  other  than  the  investment ;  so  the 
saving,  or  value  of  the  change,  instead  of  being 
$30,000  annually,  as  was  first  hoped,  became  more 
nearly  $300,000.  Another  result  was  the  reduction  of 
55  per  cent  in  the  number  pf  absentees  on  account 
of  illness  during  the  first  year.  This  probably  resulted 
from  the  relative  quietness  of  the  establishment  with 
the  removal  of  the  belts  and  shafting  formerly  required 
for  the  transmission  of  power. 

Dr.  Pkrrine:  1  would  mention  a  case  where  a 
400-hp  motor  was  put  in  a  flour  mill  and  the  capacity 
of  the  flour  mill  was  raised  20  per  cent.  This  was 
accomplished  without  any  change  of  machinery,  and 
was  simply  due  to  a  greater  uniformity  in  running 
the  roller,  enabling  the  millers  to  adjust  the  rollers 
more  closely,  and  increasing  the  output  of  the  mill 
20  per  cent  by  reason  of  uniformity  in  speed. 


7. —  What  is  the  best    means  to  reduce  breakage  of 
itifter  globes  on  series  inclosed-arc  lighting? 

•  A  large  proportion  of  the  inner-globe  breakage  is 
caused  in  handling  the  globes ;  in  washing  them, 
taking  them  to  the  lamp,  placing  them  in  the  lamp 
and  removing  the  old  globe.  Our  experience  is  that 
it  is  best  to  clean  the  inner  globes  at  the  station,  re- 
placing the  dirty  globes  with   clean   ones  at  each  trim. 
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The  globes  are  carried  to  and  from  the  lamp  in 
baskets  arranged  with  partitions  for  supporting  the 
globes,  somewhat  similar  to  egg  crates,  excepting  that 
there  is  only  one  layer  of  globes. 

We  use  at  the  station  a  washing  machine  made  by 
A.  P.  Peterson,  of  Rockford,  111.,  which  consists 
essentially  of  a  spindle  driven  at  high  speed  and 
carrying  at  one  end  a  bundle  of  loose  bristles.  A 
brass  tube  with  end  flared  to  receive  the  mouth  of 
the  inner  globe  normally  covers  the  brush,  but  is  ar- 
ranged to  slide  back  when  it  is  desired  to  clean  a 
globe,  thus  exposing  the  brush,  which  is  thrown  out 
radially  by  centrifugal  force  against  the  inner  walls  of 
the  globe.  This  machine  is  free  from  many  of  the 
objections  to  the  ordinary  type  of  bottle-washing  ma- 
chines frequently  used  for  this  purpose.  Tanks  with 
flowing  water  for  rinsing  the  globes  are  conveniently 
arranged  with  racks  above  for  drying  them. 

Great  care  is  taken  to  cut  the  lower  carbons  to  the 
length  that  has  been  found  best  adapted  to  the  par- 
ticular lamp  used.  This  is  never  more  than  five  and 
three-quarters  nor  less  than  five  and  one-half  inches. 
With  longer  lower  carbons  there  is  incessant  trouble 
from  inner  globes  softening  at  the  upper   portion. 

There  is  a  vast  diff'erence  in  quality  and  workman- 
ship among  the  various  makes  of  inner  globes  on  the 
market,  some  averaging  as  much  as  25  per  cent  longer 
life  than  others,  which  incidentally,  of  course,  aff'ects 
the  life  of  the  carbon.  The  principal  fault  is  imper- 
fectly ground  surfaces,  or  ends  not  parallel  in  globes 
that  are  open  top  and  bottom. 

Another  fruitful  source  of  trouble  with  inner  globes 
is  unduly  high  voltage  at  the  lamp  terminals.  We 
provide  against  this  by  frequent  tests  of  the  various 
circuits  during  each   night's  run.     Knowing  the  loss  in 


576 

the  wire  of  each  circuit,  we  are  enabled  to  keep  the 
average  voltage  per  lamp  very  uniform.  This  is,  of 
course,  supplemented  by  individual  tests  on  lamps  that 
are  reported  by  the  inspector  as  burning  long  arcs. 
With  certain  makes  of  lamps  that  increase  consider- 
ably in  voltage  on  account  of  the  heating  of  the  shunt 
coil,  we  reduce  the  current  one-tenth  of  an  ampere  or 
so  every  hour  for  two  or  three  hours,  or  until  the 
lamps  attain  their  constant  maximum  temperature  as 
indicated  by  the  circuit  voltage. 

H.  T.   Hartmax, 

Philadelphia,   Pa. 

Careful  attention  to  the  adjustment  of  the  lamps 
and  a  system  of  cleaning  at  the  station  or  other  con- 
venient place  after  each  trimming,  providing  a  basket 
or  box  with  separate  compartments  for  each  globe  for 
carrying  same.  W.  T.  Oviatt, 

.  Bridgeport,  Conn. 

It  seems  to  me  that  the  principal  thing  to  do  is 
to  get  the  glass  makers  to  put  a  better  quality  of 
glass  in  the  globes  and  to  make  the  glass  thicker  at 
the  ends ;  also  to  be  sure  that  the  ends  are  smooth 
and  perpendicular  to  the  axis  of  the  globe. 

F.  Ell  WOOD  Smith, 

Somerville,   Mass. 

(A)  A  greater  amount  of  care  should  be  exercised 
by  trimmers  in  replacing  carbons  and  renewing  inner 
globes. 

(B)  When  installing  the  series  alternating  system, 
care  should    be    exercised    that    the    primary  voltage   is 
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not  too  high,  and  that  both  the  prirnary  voltage  and 
the  frequency  are  the  same  as  that  for  which  the 
transformers  were  made. 

(C)  The  time  has  gone  by  when  it  was  of  advan- 
tage for  central  stations  to  experiment  with  leaving 
off  the  outer  globes  of  lamps.  Experience  has  shown 
that  the  outer  globe  protects  the  inner  from  breakage, 
especially  during  cold  weather. 

(D)  The  glass  manufacturers  should  take  a  keener 
interest  in  the  testing  and  inspecting  of  inner  globes. 
It  is  a  fair  question  to  ask  if  they  employ  an  electri- 
cian with  their  inner  globe  department.  Do  the  glass 
manufacturers  offer  any  different  or  more  durable  inner 
globe  for  the  7.5-ampere  lamp  than  they  do  for  the 
4.4-ampere  lamp?  One  lamp  consumes  285  watts  and 
the  other  nearly  500  watts.  The  glass  manufacturers 
should  be  rhore  aggressive  on  the  subject  of  testing 
and  inspecting  inner  globes  before  shipment,  and 
should  assume  greater  responsibility  regarding  their 
operation. 

H.    W.    HiLLMAN, 

Schenectady,  N.  Y. 


The  cause  of  excessive  breakage  of  inner  bulbs  on 
series  inclosed-arc  lamps  is  due  to  lamps  drawing  too 
long  an  arc.  When  this  occurs,  the  arc  flame  curves 
out  and  either  bums  a  hole  in  the  bulb  or  causes  it 
to  warp  so  that  it  is  of  no  further  use.  I  should  say 
that  the  best  means  to  reduce  breakage  would  be  to 
perfect  the  mechanism  of  lamps  so  that  it  would  be 
an  absolute  certainty  that  lamps  would  feed  or  cut  at 
a  given  point ;  say,  about  90  volts  across  the  arc. 

P.  J.  Smith, 

Chicago,   111. 

38 
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Excessive  breakage  of  inner  globes  in  inclosed-arc 
lamps  may  be  attributed  to  one  or  several  of  the  fol- 
lowing causes: 

(i)  Inferior  quality,  uneven  thickness  of  glass, 
and  poor  workmanship. 

(2)  Improper  design  of  inner  globe ;  too  heavy 
gas  valve  or  cap,  or  non-flexible  support  for  globe. 

(3)  Too  long  or  too  short  carbons. 

(4)  Careless  trimming,  cleaning  and  handling  of 
inner  globes. 

The  first  cause  of  inner-globe  breakage  is  entirely 
dependent  upon  the  experience  of  the  globe  manufac- 
turer and  the  quality  of  the  globe.  A  large  percent- 
age of  the  total  breakage  is  due  to  this  cause,  there- 
fore it  is  not  always  advisable  to  use  the  cheapest 
globe.  An  examination  of  several  lots  of  the  same 
style  of  inner  globes  manufactured  by  different  glass 
companies  will  prove  that  some  globes  are  very  light, 
others  medium,  and  some  heavy.  The  very  light 
globes  are  not  desirable,  on  account  of  easy  breaking 
and  chipping  while  they  are  being  handled  or  cleaned, 
and  ** buckling"  from  the  heat  of  a  normal  arc.  The 
heavy  inner  globes  should  not  be  used,  as  they  do  not 
expand  evenly  and  quickly  when  the  arc  is  struck ; 
for  this  reason  they  often  crack  and  thus  become 
quite  useless.  The  medium-weight  inner  globe,  having 
about  one-thirty-second  to  three-sixty-fourths  inch  wall, 
is  the  one  to  be  recommended,  as  it  possesses  sufficient 
mechanical  strength  and  will  expand  or  contract  evenly 
and  rapidly  without  cracking.  The  glass  company  that 
fills  your  regular  orders  with  inner  globes  that  are 
uniform  in  weight,  size,  and  thickness  of  wall,  should 
have  your  favorable  consideration,  even  at  an  ad- 
vanced price. 

The  second  cause  of   inner*globe  breakage  depends 


579 

entirely  upon  the  design  of  the  inner  globe  and  lamp. 
The  breakage  due  to  these  defects  is  very  small  in  all 
modem  lamps. 

The  third  and  fourth  causes  of  breakage  are  under 
the  control  of  your  arc-lamp  inspector  and  trimmer. 
As  the  breakage  of  globes  due  to  improper  trimming 
of  lamps  and  handling  and  cleaning  of  inner  globes  is 
often  50  per  cent  or  more  of  the  total  breakage,  it  is 
of  the  greatest  importance  that  a  practical  system  for 
gauging  and  cutting  carbons,  cleaning  and  handling 
inner  globes,  and  trimming  the  lamps,  be  adopted  and 
rigidly  enforced.  Experience  has  proved  that  the 
trimmer  should  not  have  to  cut  or  gauge  carbons  or 
clean  inner  globes  while  out  trimming  lamps,  but  car- 
bons of  proper  length  and  diameter  and  clean  inner 
globes  should  be  carried  by  him  and  be  simply  ex- 
changed for  the  burned  carbons  and  dirty  inner  globes 
on  the  lamps.  These  burned  carbons  and  dirty  globes 
should  be  brought  back  to  the  station,  or  other  suit- 
able place,  where  the  carbons  can  be  cut  to  the 
proper  length  and  the  globes  cleaned.  When  this 
system  of  trimming  and  cleaning  is  employed,  the 
breakage  is  reduced  to  a  minimum ;  and  the  time  re- 
quired for  trimming  is  reduced,  provided  the  proper 
methods  for  conveying  and  cleaning  the  globes  are 
employed.  You  can  purchase  suitable  baskets  in  which 
to  carry  globes  and  carbons.  Small  water  motors,  to 
which  are  attached  revolving  brushes,  are  now  for 
sale.  The  proper  methods  for  trimming  and  cleaning 
arc  lamps  and  globes  will  materially  increase  the 
efficiency  of  your  system,  and  the  cost  of  trimming 
and  breakage  will  be  much  reduced. 

J.  H.  Hallberg, 

New  York  City. 
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8. —  To  w/ial   extait   arc   Nernst   lamps  displacing 
arc  lamps  ? 

This     question     is     answered     in     connection    with 
questions  Nos.   21,   22,   23,   24  and  25. 


9. — How    may   street   arc  lamps   be   best  protected 
from  the  public  s  tendency  to  destroy  them  ? 


Have  an  ordinance  passed  by  the  city  or  town 
council,  with  {penalty,  and  encourage  policemen  to 
enforce  it.  Detail  special  detective.  Our  borough 
treasury  was  enriched  in  that  way  until  the  practice 
stopped.  Chas.  E.  Scott, 

Bristol,   Pa. 

We  have  asked  the  assistance  of  the  policemen 
and  the  school  teachers  with  good  results.  We  have 
also  posted  signs  on  our  poles  offering  a  reward  of 
$5.00  for  evidence  leading  to  the  conviction  of  persons 
injuring  our  property.  F.  Ellwood  Smith, 

Somerville,  Mass. 

After  having  considerable  trouble  in  this  line  we 
tried  several  different  methods  to  prevent  such 
damages  and  found  that  the  posting  of  large  cards 
offering  a  reward  for  evidence  that  would  lead  to  the 
conviction  of  anyone  injuring  our  property  was  the 
most  effective  means  of  stopping  such  work  ;  although 
this  plan  has  not  entirely  eliminated  the  trouble. 

E.  W.  Mather, 

Portland,   Me. 
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By  offering  a  reward  large  enough  to  be  an 
incentive  to  the  public  to  give  information  that  would 
cause  the  conviction  of  those  causing  the  damage,  and 
posting  notice  to  that  effect  on  the  lamp  poles. 

W.    T.    O VI ATT, 

Bridgeport,  Conn. 

Make  them  pay  for  the  damage,  if  caught.  We 
find  the  globes  suffer  most  from  rocks  thrown  by 
boys.  When  sufficient  evidence  can  be  obtained, 
present  a  bill  for  the  globe  to  the  boy's  parents.  We 
have  found  this  method  satisfactory. 

Chas.   H.  Peters, 

Durango,  Col. 


10. —  What  are  the  most  vital  considerations  in  the 
se/ectiofi  of  a  constant-current  transformer  or  regu- 
lator for  series  alternating-current  arc  lighting? 


In  my  estimation,  a  75'light,  constant-current  trans- 
former in  two  circuits,  or  a  50-light  transformer  in 
one  circuit,  is  the  largest  that  should  be  used  in  the 
majority  of  central  stations ;  as,  from  our  experience, 
the  trouble  with  the  high  potential  is  one  of  the  most 
vital  things  with  which  we  have  to  contend. 

F.    L.    S^ARGENT, 

Maiden,   Mass. 

High  insulation ;  rapid  and  sensitive  action ;  free- 
dom from  hunting;  minimum  impedance  compatible 
with  safety  in  regulation. 

W.    E.    GOLDSBO ROUGH, 

Lafayette,   Ind. 
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The  most  vital  considerations  in  the  selection  of 
constant-current  transformers  or  regulators  for  series 
alternating  arc  lighting  are :  First,  simplicity  and  re- 
liability of  the  apparatus;  second,  absolute  insulation 
between  the  generator  winding  and  the  arc  circuit ; 
third,  close  regulation,  and  ability  to  take  care  of 
sudden  changes  in  load ;  fourth,  the  lack  of  attention 
necessary  during  operation.  E.  J.   Bechtel, 

Toledo,  O. 

Series  alternating  arc-lighting  systems  should  have  a 
high  power  factor  at  all  loads  that  will  be  put  on  the 
system.  The  arc-lighting  system  should,  of  itself  or  by 
means  of  a  separate  transformer,  be  isolated  from  the 
remainder  of  the  general  distribution  system.  The 
design  of  the  regulator  or  transformer  should  be  such 
that  no  damage  would  result  even  in  cases  of  short 
circuit  on  the  arc-light  circuit  that  it  regulates. 

P.    JUNKERSFELD, 

Chicago,    111. 

First — Reliability  of  operation 

Second — Steadiness  of  operation 

Third — Accuracy  of  operation 

Fourth — Power  factor 

Fifth — Efficiency 

Sixth — Flexibility  as  regards  large  changes  in  the 
number  of  lights  used  with  small  differences  in  power 
factor  and  efficiency.  J.   H.  Perkins, 

Youngstown,  O. 
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//•  —  What   is   the   relative  efficie^icy   of  open   and 
inclosed-arc  lighting? 


[It  is  quite  impossible  to  give  an  answer  to  any  of 
the  questions  propounded — ii,  14,  15,  16,  17,  18,  19 
and  20 — without  knowing  all  the  conditions.  In  each 
case  the  answer  will  necessarily  be  subject  to  the  par- 
ticular conditions  that  exist,  and  which  are  not  em- 
bodied in  the  question.  Again,  the  answers  in  some 
cases — for  examples  Nos.  18  and  19 — ^will  depend 
largely  upon  questions  of  policy.         L.  B.  Marks.] 

Basing  the  comparison  on  watts  per  mean  spherical 
candle  power,  the  open  arc  is  approximately  25  per 
cent  more  efficient  than  the  direct-current  inclosed  arc 
and  40  per  cent  more  efficient  than  the  alternating- 
current  inclosed  arc.  Taking  the  open  arc  with  clear 
glass  globe  and  the   inclosed  arc  with  opalescent  inner 

and   clear   outer   globe,    the    following    average   values 
may  be  given  : 

Open  arc,  1.5  watts  per  mean  spherical  candle 
power. 

Inclosed  arc,  d.  c,  2  watts  per  mean  spherical 
candle  power. 

Inclosed  arc,  a.  c,  2.5  watts  per  mean  spherical 
candle  power.  Louis  B.  Marks, 

New  York  City. 

The  efficiency  of  inclosed-arc  lighting  is  much 
higher  than  that  of  open-arc  lighting,  as  a  general 
rule,  for  the  following  reasons: 

First — The  light  is  steadier. 

Second — ^There  is  better  diffusion  of  light  along  the 
street  surfaces,  especially  if  an  opal  inner  globe  of 
moderate  density  is  used  in  the  inclosed-arc  lamp. 
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Third — The  absence  of  marked  shadows  of  the 
carbons  or  lamp  parts  when  inclosed-arc  lamps  are 
used. 

Fourth — There  is  plenty  of  lig^ht  under  an  inclosed- 
arc  lamp  and  there  is  more  li^ht  half  way  between  the 
lamps  when  inclosed  lamps  are  used  than  when  open 
lamps  are  used,  and  the  expenditure  of  energy  is  the 
same. 

Fifth — The  cost  of  maintenance  is  so  much  less 
with  inclosed  than  with  open-arc  lamps,  that  the 
former  have  this  fjreat  additional  advantajje. 

W.    E.    GOLDSBOROUGH, 

Lafayette,   Ind. 

The  relative  efficiency  of  open  and  inclosed-arc 
lighting:  depends  greatly  upon  local  conditions.  Under 
the  conditions  in  Toledo,  we  should  save  $10  per 
lamp  by  using  alternating  inclosed  arcs  instead  of  the 
present  open  arcs  with  Wood  80-light  and  125-light 
generators  belted  to  line  shaft.         E.  J.   Bec  htel, 

Toledo,  O. 

12. — Should  we  use  large  lamp  units  for  street 
lighting,  or  use  smaller  lamps,  placing  them  nearer  to 
07ie  another  ? 

This,  of  course,  is  different  in  every  locality.  It 
depends  largely  upon  whether  the  district  is  entirely 
residential  or  is  a  large  manufacturing  centre.  In  the 
case  of  a  residential  city,  with  a  great  deal  of  foliage 
on  the  streets,  small  lamps  are  much  to  be  preferred, 
in  my  estimation,  and  would  give  better  lighting 
service  at  less  cost  than  large  arc-lamp  units  placed 
farther  aj)art.  In  our  plant  here  we  have  3,000  25-cp 
series    incandescent    lamps    throughout    our    residential 
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district,  running  on  constant-current  transformers,  and 
about  325  6.6-ampere  inclosed-arc  lamps  throughout 
the  business  district.  F.  L.  Sarcient, 

Maiden,   Mass. 

Where  the  cost  of  installation  is  a  matter  of 
secondary  importance,  small  lamp  units  placed  relatively 
near  together  give  better  results  as  regards  illumination 
than  do  large  lamp  units  placed  at  relatively  great  dis- 
tances apart.  The  power  consumption  per  foot  length 
on  the  street  is  the  same  in  both  cases. 

W.    E.    GOLDSBOROUGH, 

Lafayette,   Ind. 

The  question  of  the  use  of  large  arc-lamp  units 
for  street  lighting,  or  the  use  of  smaller  lamps,  plac- 
ing them  nearer  to  each  other,  depends  greatly  upon 
local  conditions.  First;  the  present  installation  must 
be  considered.  Next,  the  general  plan  or  layout  of 
the  city  or  town  to  be  lighted.  After  that,  the  ques- 
tion of  the  system  previously  used,  whether  large  or 
small  lamps ;  and  finally,  the  number  of  shade  trees, 
etc. 

The  use  of  small  lamps  placed  near  together  gives 
better  distribution  of  light  per  kilowatt  of  current  con- 
sumed. If,  however,  the  9-6-ampere  open-arc  lamps 
have  been  previously  used,  the  light  given  by  lamps 
smaller  than  7.5-ampere  alternating  current  will  be 
noticeably  less  to  the  average  person,  which  might 
lead  to  complaint,  according  to  the  disposition  of  the 
people.  A  very  interesting  paper  on  this  subject  was 
read  before  the  Ohio  Electric  Light  Association  at  its 
convention  in  August,    1901,  by  Mr.  W.   D'A.  Ryan. 

E.  J.  Bechtkl, 

Toledo,  O. 
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13. —  What  effect  would  distance  between  arc  lamps 
have  upon  the  selection  of  open  or  inclosed  lamps  for 
street  lighting? 

Open  lamps  can  be  used  to  better  advantage  than 
inclosed  lamps  where  great  brilliancy  of  illumination 
over  a  given  area  is  desired,  for  the  reason  that  the 
brilliant  circles  of  light  beneath  the  open-arc  lamps 
will  overlap  and  commingle  in  such  a  way  as  to 
eliminate  the  effect  of  carbon  and  lamp-part  shadows 
and  the  flickering  of  individual  lamps,  with  the  net 
result  of  obtaining  a  greater  total  candle-foot  illumina- 
tion per  unit  of  area  for  the  same  expenditure  of 
energy  with  open  than  with  inclosed-arc  lamps.  If, 
however,  lamps  are  placed  over  75  feet  apart,  the 
inclosed  lamps  will  give  the  more  pleasing  results. 

W.    E.    GOLDSBOROUGH, 

Lafayette,   Ind. 

If  arc  lamps  can  be  placed  within  100  feet  of  each 
other,  I  would  recommend  the  use  of  open-arc  lamps ; 
if  they  must  be  placed  to  exceed  600  feet  from  each 
other,  I  would  unquestionably  recommend  the  use  of 
inclosed-arc  lamps,  as  the  latter  will  give  much  more 
satisfactory  illumination  between  lamps,  owing  to  the 
fact  that  a  larger  proportion  of  the  light  is  given  off 
between  zero  and  30  degrees  below  a  horizontal  line. 
Between  100,  and  600  feet,  decision  would  depend 
entirely  upon  local  conditions.  Anonymous. 

In  my  opinion,  inclosed-arc  lamps  are  preferable 
for  street  lighting  under  all  conditions  of  distance 
between  lamps ;  especially  so  when  the  distance  is 
great.  The  inclosed-arc  lamps  not  only  give  better 
illumination  at  distances  over  100  feet  from  the  lamp. 
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but  give  much  steadier  light  and  have  not  the  objec- 
tionable glare  or  high  lights  within  50  feet  of  the 
lamp.  E.  J.  Bechtel, 

Toledo,  O. 


14. —  What  is  the  relative  cost  of  maintenance  of 
a  6.6'ampere^  alternating-current,  series  lamp  and  a 
y. ^-ampere  lamp  of  same  type,  especially  so  far  a^ 
life  of  carbons  and  breakage  of  inner  globes  are 
concerned  ? 

(A)  Breakage  of  inner  globes  may  easily  be  20  to 
30  per  cent  greater  with  7.5-ampere  current.  If  an 
aggressive  policy  on  the  part  of  central-station  man- 
agers should  be  put  into  eflfect,  as  suggested  in  the 
answer  to  question  No.  7,  referred  to  above,  the  prob- 
lem on  this  point  would  be  solved. 

(B)  Regarding  life  of  carbons,  a  7.5-ampere, 
alternating-current  lamp  has  a  life,  in  actual  experi- 
ence, of  ID  to  15  per  cent  less  than  a  6.6-ampere 
lamp  of  the  same  type.  There  are  lamps  on  the 
market  of  the  7.5-ampere  type,  using  12-inch  carbons, 
that  would  give  a  life  of  one  week  during  the  winter 
season,  operating,  say,  14  hours  a  day.  The  cost  of 
maintenance  would  then  be  slightly  higher  for  carbons 
only,  the  cost  of  labor  being  the  same  as  for  the  6.6- 
ampere  lamp.  H.  W.   HiLLMAN, 

Schenectady,  N.  Y. 

The  relative  cost  of  maintenance  (trimming,  car- 
bons, globes  and  repairs)  of  a  7.5-ampere  series 
alternating-current  lamp  would  be  from  15  to  20  per 
cent  more  than  that  of  a  6.6-ampere  lamp. 

Louis  B.  Marks, 

New  York  City. 
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/5.  —  What   is   the   relative   cost  of  ti'imming  and 
maintenance  of  open  and  inclosed-arc  lamps  ? 


For  all-night  service  the  cost  of  carbons,  trimming 
and  globes  is  about  $io  more  per  lamp  per  year  for 
the  open  arc  than  for  the  inclosed.  For  short-hour 
service  the  relative  cost  of  maintenance  of  the  inclosed 
type  is,  roughly,  about  one-third  that  of  the  open. 

Louis  B.   Marks, 

New  York  City. 

The  cost  for  trimming  and  maintaining  open-arc 
lamps  is  about  60  per  cent  greater  than  for  inclosed- 
arc  lamps.  P.  J.  Smiih, 

Chicago,   111. 

DISCUSSION 

The  Prksident:  Mr.  Marks  states  that  vou  can 
save  $10  a  year. 

Mr.  Marks:  I  think  that  is  about  the  average 
saving  that  central-station  men  report.  I  have  taken 
the  statistics  from  a  large  number  of  central  stations, 
and  the  average  saving  {)er  lamp  per  year  in  street 
service  is  approximately  $10. 

The  President:  What  do  you  say  the  cost  is 
for  trimming  open-arc  lamps  ? 

Mr.  Marks:  That  depends  upon  conditions  and 
upon  how  many  arc  lamps  a  trimmer  can  take  care 
of.  In  some  cities  a  trimmer  will  take  care  of  100 
lamps,  and  that  number,  at  $2.50  per  day,  will  average 
two  and  one-half  cents  per  lamp ;  but  in  other  cities 
the  figures  vary  considerably  from  this.  The  same 
thing  is  true  of  inclosed-arc  lamps.  In  some  cities 
the  trimmers  will  trim  75  of  these  in  a  day,  making 
the    cost    of    trimming    thirty-three    and    one-third    per 
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cent  more  per  lamp  than  the  cost  of  trimming  the 
open-arc  lamp ;  but  taking  all  the  figures  together, 
and  averaging  them  up,  I  think  the  figure  given 
above  is  a  fair  one,  and  that  the  saving  accruing 
from  the  use  of  the  inclosed-arc  lamp  is,  in  round 
figures,  $10  per  lamp  per  year. 

The  President  :  I  am  trying  to  get  the  gross 
amount  by  which  you  get  the  difference.  You  sub- 
tract one  amount  from  the  other,  which  leaves  $10. 
What  is  the  gross  amount? 

Mr.  Marks:  I  think  the  average  figures  would 
be  $6.00  and  $16,  giving  a  difference  of  $10. 

Mr.  Bertrand  (Peoria,  111.)  :  Our  cost  per  lamp 
of  operating  600  series,  direct-current,  open  arcs,  as 
compared  With  25  series,  alternating-current,  inclosed- 
arc  lamps,  shows  a  difference  of  about  $7.00  to  $8.00 
per  lamp  per  year  in  favor  of  the  inclosed-arc  lamp. 
The  cost  of  operating  the  latter  is  in  the  neighbor- 
hood of  $6.00  to  $7.00. 

Mr.  Isaac  B.  Smith  :  I  think  the  gentlemen  do 
not  take  into  consideration  the  systems  in  the  different 
towns.  The  tendency  of  the  day  is  to  light  up  the 
country  districts  with  a  long  file  of  lamps,  which 
causes  the  trimmer  to  retrace  his  steps.  Our  alter- 
nating lamps  are  in  a  position  that  is  more  favorable 
to  their  being  trimmed  than  the  average  alternating 
lamps,  and  -I  should  judge,  to  make  a  rough  figure, 
that  our  saving  is  nearer  $12  than  $10. 

Mr.  Manwaring  :  In  Philadelphia,  we  pay  our 
trimmers  on  the  piece-work  system,  at  the  rate  of  two 
cents  per  lamp  for  trimming,  and  the  average  trimmer 
takes  care  of  100  to  125  lamps  per  day,  six  days  in 
the  week  ;  on  Sunday  the  number  diminishes  accord- 
ing to  the  number  of  six-night  commercial  lamps.  By 
this    system    our    saving    on    Sunday    trimming    more 
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than  balances  the  increased  expense  of  week  days,  and 
we  show  a  saving  over  our  previous  method  of  paying 
$2.00  per  day,  straight,  and  the  men  are  better  satis- 
fied. By  this  system  it  costs  $7.30  per  annum  for 
trimming  street  lights. 


16. —  What  advantages  lias  the  series  system  of  in- 
closed-arc  lighting  for  street  circuits  over  the  multiple 
system,  other  than  the  saving  of  wire  in  making  the 
circuit  and  the  doing  away  with  independent  trans- 
formers on  the  line? 


Having  been  asked  to  answer  this  question,  I 
should  say  that  the  inherent  advantages  of  any  one 
system  over  the  other  are  so  modified  by  conditions, 
and  the  disadvantages  may  be  so  changed  by  modified 
apparatus,  that  to  state  these  advantages  without  any 
discussion  seems  like  offering  oneself  as  a  target  for 
the  other  party  to  throw  at.  The  reasons  that  induced 
the  company  with  which  I  am  connected  to  adopt  the 
series  system,  are : 

First — Street  lighting  in.  the  past  being  almost 
altogether  by  the  series  open-arc  system,  a  change  to 
a  series  system  required  no  change  in  wires  and  a 
minimum  first  cost. 

Second — Because  the  system,  as  a  whole  and  in 
its  parts,  is  of  higher  efficiency. 

Third — Because  the  regulation  is  so  perfect  and 
automatic  as  to  require  almost  no  attention  from  the 
station  employee. 

Fourth — Because  of  a  more  direct  control  of  the 
system  by  the  station  attendant,  who,  by  pilot  lamp  or 
other  device,  is  notified  of  trouble  on  the  line,  and 
will   immediately    turn    off  the    current    in    case  a  wire 
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that  might  endanger  life  or  property  is  down  in  the 
street. 

Fifth — Because  of  the  greater  stability  of  the  arc 
and  the  double  circuit  (series  and  shunt)  insuring  a 
greater  certainty  of  operation. 

Sixth — Because  by  running  the  outgoing  wire 
through  a  street  or  streets  and  the  return  wire  through 
other  streets  we  get  a  shorter  line,  fewer  wires  per 
street,  and  reduced  possibility  of  short  circuits,  so 
called. 

Seventh — Because  in  case  of  short  circuits  it  sel- 
dom happens  that  all  the  lamps  are  cut  out,  and  the 
point  at  which  the  short  circuit  occurs  is  indicated  to 
a  certainty  by  the  dividing  line  of  lighted  and  un- 
lighted  lamps  on  the  street ;  while  with  a  multiple 
system  either  the'  short  circuit  must  be  burned  off  or 
the  circuit  be  shut  down  without  any  indication  of 
where  to  look  for  trouble. 

Eighth — A  grounded  circuit  does  not  ground  the 
whole  system,  as  it  would  do  if  there  were  no  trans- 
formers or  dynamos  between  the  line  and  the  'bus-bars. 

Ninth — Because  after  having  determined  upon  a 
satisfactory  unit  there  would  be  no  temptation  to  in- 
crease the  number  of  lamps  per  circuit  to  an  excessive 
degree  and  thus  endanger  the  lighting  of  a  very 
extensive  area  by  trouble  to  lines  or  apparatus. 

Tenth — Because  a  satisfactory  illuminating  power 
having  been  determined  upon,  we  could  not  be  called 
upon  by  every  person  thus  inclined  to  change  it  and 
thus  complicate  the  system,  add  to  the  number  of 
spare  lamps  and  parts  it  would  be  necessary  to  have 
on  hand,  affording  an  opportunity  for  ignorance  or 
accident  to  place  a  lamp  of  inferior  candle  power  in 
a  prominent  square  to  cause  friction  with  city  authority 
or  remarks   by  citizens. 
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Eleventh — Because  all  lamps  must  be  turned  on  at 
the  station  and  no  extra  attendance  is  required  to 
switch  lamps  on  and  oflf. 

Tiuelftk — Because  the  most  important  advantages 
claimed  for  the  multiple  system  may  be  nearly,  if  not 
quite,  attained  by  the  series  system  by  a  judicious  at- 
tention to  details  of  installation  without  surrendering^ 
any  of  the  advantages  of  the  series  system. 

Walter  R.  Eaton, 

Cambridge,   Mass. 

(A)  A  distinct  advantage  of  the  series  system  is 
its  convenient  method  of  controlling;  all  lamps  are 
started  almost  simultaneously. 

(B)  An  advantage  of  this  method  is  the  nominal 
expense  to  the  station. 

(C)  Another  advantage  is  to  the  city ;  having  all 
lamps  started  promptly  and  at  same  time. 

(D)  There  is  no  universally  satisfactory  system  for 
controlling  multiple  lamps.       H.  W.   Hillman, 

Schenectady,  N.  V. 

I  do  not  believe  that  the  series  system  of  arc 
lighting  has  an  all-round  advantage  over  the  multiple 
system.  I  believe  that  the  multiple  system  has  a  great 
advantage  over  the  series  system,  and  note  the  follow- 
ing reasons :  In  the  multiple  system  the  power  factor 
is  practically  constant,  regardless  of  the  load,  therefore 
making  the  generator  capacity  dependent  on  the  num- 
ber of  arc  lamps  burning  rather  than  on  the  number 
and  size  of  constant-current  transformers  connected  to 
the  generator.  The  constant-current  transformer  is  at 
its  best  power  factor  at  full  load,  and  I  do  not  believe 
that   this    power    factor    at    full    load  can   be   made    as 
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high  as  the  power  factor  of  the  multiple  system,  which 
is  the  power  factor  of  one  lamp.  The  power  factor  of 
the  constant-current  transformer  drops  off  rapidly  as 
the  load  is  decreased,  and  in  our  own  case  I  can  not 
see  how  we  could  operate  all  the  constant-current 
transformers  necessary  to  do  our  arc-lighting  business 
at  their  best  power  factor  all  of  the  time.  One  or 
two  might  be  fully  loaded;  the  third  would  have  to 
take  what  lamps  were  left  and  operate  much  under 
load  Again,  if  we  load  up  all  the  constant-current 
transformers  we  have  no  room  left  on  our  arc  circuits 
to  add  more  lamps  as  the  city  may  desire. 

Second — I  would  call  your  attention  to  the  very 
simple  and  inexpensive  switchboard  apparatus  neces- 
sary for  the  operation  of  the  multiple  system,  and  the 
saving  of  room  in  the  station  that  would  otherwise  be 
occupied  by  constant-current  devices. 

Third — I  believe  there  is  less  danger  of  inter- 
ruption to  the  service  due  to  accidents  to  transformers, 
to  badly  acting  lamps,  to  open  circuits,  to  grounds  in 
fixtures,  etc. 

Fourth — As  the  lamps  in  the  multiple  system  are 
connected  to  secondary  circuits,  the  liability  of  grounds 
and  open  circuits  in  the  lamps  is  reduced  to  an 
extent  equal  to  the  ratio  between  the  voltages  between 
the  two  systems. 

Fifth — ^The  problem  of  insulation  of  lines  becomes 
a  much  more  expensive  and  important  factor  in  the 
series  system  at  7,000  or  8,000  volts  than  it  would  be 
in  the  multiple  system  at  2,200  or  2,400  volts. 

Sixth — In  the  multiple  system,  arc  lamps  of 
various  candle  powers  and  power  consumption  may  be 
used,  making  it  possible  to  give  the  city  any  candle 
power  of  lamp  that  may  be  desired  in  any  locality. 

Seventh — Coming   to    the    question    of    a    multiple 
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lamp,  I  find  that  the  multiple  lamp  is  cheaper  and  of 
simpler  mechanism  than  the  series  lamp ;  and  right 
here  is  a  point  on  the  flexibility  of  the  multiple 
system,  in  that  if  the  multiple  lamp  is  discontinued 
for  use  on  the  street,  it  can  be  used  inside  of  stores, 
officies  and  buildings,  and  the  station  using  this 
system  will  be  obliged  to  carry  but  one  kind  of  lamp 
— the  multiple  lamp — ^and  one  kind  of  supply  and 
repair  parts  for  same.  There  is  one  point  about  the 
lamp,  and  that  is  the  vital  part  of  the  multiple 
system  for  its  best  operation,  and  on  that  point  I 
hope  to  have  some  light  shed  by  some  of  the  arc-lamp 
people  present ;  it  concerns  the  matter  of  the  starting 
current  required  by  the  lamp  at  the  instant  of  closing 
the  switch.  I  have  tried  recently  five  prominent 
makes  of  multiple  alternating-current  lamps  of  the 
6.6-ampere  style,  and  the  starting  current  required 
varied  from  their  normal  rating  at  6.6  amperes  up  as 
high  as  1 8  amperes.  Now,  you  will  see  at  once  what 
will  happen  if  you  take  a  circuit  of  50  multiple  lamps 
on  the  city  streets  and  expect  to  start  the  same  50 
lamps  by  closing  the  main  switch  at  the  station.  Such 
an  operation  would  be  followed  by  the  instant  opera- 
tion of  circuit  breakers  and  probable  blowing  of  fuses 
and  overloading  the  generator.  Another  point  with 
most  of  these  five  lamps  that  I  tried  was  that  on 
releasing  the  clutch,  or  should  the  carbons  come 
together  accidentally,  the  lamp  itself  would  bum  out. 
So  far  as  I  have  gone  with  some  little  experimenting, 
I  have  not  been  able  to  buy  a  multiple  alternating- 
current  arc  lamp  whose  starting  or  picking  up  current 
is  kept  down  to  at  or  near  the  burning  current  of  the 
lamp,  and  it  seems  to  me  that  it  must  be  one  of  the 
requirements  of  the  multiple  system  that  the  starting 
current    required    by  the    lamps  shall  exceed  by  only  a 
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very  small  margin  the  normal  burning  current  of  the 
lamp;  and  I  hope  to  see  some  lamp  manufacturer 
bringing  out — if  they  have  not  already  done  so — a 
lamp  with  these  features. 

In  conclusion,  I  would  say  that  if  we  have  a  lamp 
with  the  above-mentioned  features,  I  see  no  reason 
why  a  station  now  having  arc  circuits  composed -of  two 
No.  4  wires  or  two  No.  6  wires,  as  in  the  case 
of  our  own,  may  not  install  the  multiple  system  of 
arc  lighting  at  a  much  greater  advantage  to  itself 
and  the  public  than  it  could  install  the  series  system 
with  a  constant-current  transformer.  The  two  No. 
6  wires  or  the  two  No.  4  wires  already  strung 
for  the  old  open-arc  system  are  amply  large  for  50- 
light  circuits  on  the  multiple  system,  as  the  loss  on 
primary  amperes  would  be  practically  negligible,  and 
this  loss  is  being  done  away  with  the  further  you  get 
from  the  station,  because  the  number  of  lamps  is 
diminishing.  Welles  E.  Holmes, 

Newton,  Mass. 

An  advantage  (not  mentioned  in  the  question)  6f 
the  series  alternating  over  the  multiple  alternating- 
current  system,  lies  in  the  steady  light  given  by  lampis 
of  the  former.  All  arcs  are  steadier  when  supplied 
by  constant  current  than  when  by  constant  potential. 
Another  advantage  is  in  the  higher  power  factor  of 
the  series  alternating-current  system. 

Louis  B.  Marks, 

New  York  City. 

The  series  system  of  inclosed-arc  lighting  has  the 
additional  advantage  that  it  lends  itself  very  well  to 
supplying  customers  desiring  a  flat  rate  who  would  not 
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accept    multiple    lamps   on  a  meter   basis.     It   is   also 
more  efficient  than  the  multiple  system. 

P.    JUNKERSFELD, 

Chicago,  111. 


17. —  When  incandescent  lamps  are  displaced  with 
incandescent  arc  lamps^  does  it  curtail  or  increase  the 
stations  ituomeP 

When  incandescent  lamps  are  displaced  with  in- 
candescent arc  lamps,  I  should  feel  as  if  it  curtailed 
the  station  income,  on  account  of  a  much  poorer 
power  factor  and  increased  cost  of  maintenance. 

F.  L.  Sargent, 

Maiden,  Mass. 

When  incandescent  lamps  used  for  ordinary  illu- 
mination are  displaced  with  arc  lamps,  it  has  been 
our  experience  that  the  customer  was  more  willing 
to  pay  an  increased  bill  for  the  superior  service,  as 
he  felt  that  he  was  receiving  considerably  more  for 
the  same  money.  The  result  of  this  was  that  a  more 
kindly  feeling  was  aroused  among  all  our  customers 
using  arc  lamps  than  among  those  using  incandescent 
lamps,  and  whatever  method  is  used  to  create  such  a 
situation  will  increase  the  station's  income. 

C.  R.   Maunsell, 

Topeka,  Kan. 

As  a  general  proposition,  I  am  of  the  opinion 
that  when  incandescent  lamps  are  displaced  with  in- 
candescent arc  lamps,  the  station's  income  is  invari- 
ably increased.  Louis  B.  Marks, 

New  York  City. 
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To  displace  incandescent  lamps  with  incandescent 
arc  lamps  may  not,  in  individual  cases,  decrease  the 
station's  income,  but  in  general  it  must  decrease  the 
station's  income,  because  the  income  per  i,ooo  cp- 
hours  is  less  with  arc  lamps  than  with  incandescent 
lamps,  and  you  can  not  expect  a  consumer  to  pay 
you  more  money  on  an  equipment  that  is  capable  of 
yielding  much  higher  efficiency  simply  on  account  of 
this  fact.  Anonymous. 


I  think  there  is  no  question  but  that  the  station's 
income  will  be  increased  by  substituting  arcs  for 
incandescents  in  all  cases  where  arc  light  is  desirable 
for  general  illumination.  However,  the  question  of 
illumination  is  one  that  can  be  divided  into  two  gen- 
eral classes;  general  and  direct.  Each  class  has  its 
own  relations  to  the  requirements  for  quantity  and 
quality,  but,  so  far  as  methods  as  to  choice  of  illu- 
minants  are  concerned,  there  is  an  important  distinc- 
tion between  light  intended  lo  be  generally  diffused 
and  light  intended  to  facilitate  operation  at  particular 
points. 

Take,  for  illustration,  a  store  with  high  ceilings, 
such  as  a  clothing  store,  the  goods  being  dark  and 
absorbing  considerable  light — and  try  to  furnish  satis- 
factory light  with  incandescents.  The  principal  objec- 
tion that  will  be  found  will  be  that  the  general  illu- 
mination is  unsatisfactory.  The  result  is  an  old,  old 
story.  The  customer  will  say  that  the  service  is 
unsatisfactory.  The  store  is  poorly  lighted.  He  finds 
it  difficult  to  do  business,  and  insists  upon  some 
other  form  of  illumination  which  will  give  him  a 
larger  volume  of  light,  and,  if  he  be  a  large  con- 
sumer, unless   proper    light   can    be    furnished    he  will 
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probably  bend  his  energies  in  the  direction  of  fur- 
nishing his  own  light,  even  at  a  higher  cost.  I  think 
the  fact  is  generally  recognized  by  merchants  that 
light  is  one  of  the  best  means  of  advertising ;  but  in 
spending  money  for  advertising,  as  in  everything  else, 
they  want  as  much  for  their  money  as  they  can  get. 
The  only  way  in  which  business  can  be  built  up 
and  developed  on  a  solid  basis  is  by  furnishing  satis- 
factory service  and  having  customers  satisfied.  It 
seems  to  me,  therefore,  that  the  question  of  revenue 
for  various  forms  of  lighting  is  a  secondary  consider- 
ation : 

First — Furnish  light  suited  to  the  requirements. 
Second — Make   a   rate  that  will  be  proper  compen- 
sation for  the  service. 

The  same  light  that  was  used  lo  years  ago  will 
not  answer  the  requirements  of  to-day,  because  the 
light  standard  has  changed.  Method  and  form  have 
changed  and  volume  has  increased. 

Taking  the  question  as  it  would  apply  generally 
in  small  stores,  saloons,  warehouses,  etc.,  as  I  have 
stated  above,  I  do  not  think  there  is  a  question  but 
that  the  station's  income  will  be  increased  by  substi- 
tuting arcs  for  incandescents.  Most  merchants  who 
have  succeeded  in  business  are  endowed  with  a  spirit 
of  economy,  and  if  they  use  incandescent  lights  they 
will  not  turn  them  on  until  they  are  actually  needed. 
That  may  mean  that  there  are  four  or  five  lights 
burning  and  the  place  looks  dark  and  three  or  four 
more  are  turned  on  later;  still,  it  does  not  present  a 
cheerful  appearance  and  is  not  well  lighted,  whereas 
if  an  arc  were  installed  the  consumption  would  be 
equivalent  to  ii  i6-cp  incandescents  for  direct  current, 
and  the  place  would  present  a  cheerful  appearance 
because   it  would    be   well    lighted,   and   the    merchant 
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would  not  complain  about  the  size  of  the  bill,  because 
he  appreciates  that  good  light  and  plenty  of  it  helps 
his  business.  H.  J.  Gille, 

St.   Paul,  Minn. 


If  the  customer  is  satisfied  with  the  same  amount 
of  candle  power,  and  maintains  the  same  amount,  and 
does  not  burn  his  arc  lamps  longer  or  shorter  hours 
than  the  incandescent,  it  will  curtail  the  station's 
income ;  but  it  is  a  very  difficult  question  to  answer 
from  experience,  as  the  inclination  to  change  generally 
indicates  dissatisfaction  on  the  part  of  the  customer 
with  his  lighting  effects,  the  quality  of  illumination, 
or  the  bills,  and  the  particular  motive  prompting  the 
change  will  therefore  affect  the  quantity  of  current 
consumed,  making  more  in  some  instances  and  less  in 
others.  John  F.  Gilchrist, 

Chicago,   111. 


For  the  lighting  of  a  given  space  the  revenue 
derived  by  the  station  will  in  most  cases  be  much 
less  for  arc  lamps  than  for  incandescents.  This 
decrease  is  in  most  cases  only  temporary,  however, 
and  does  not  last  for  a  long  time,  as  the  increased 
satisfaction  given  by  the  arc  lighting,  where  properly 
installed,  encourages  the  consumer  to  use  more  light 
than  he  previously  did  when  he  finds  that  it  costs 
him  no  more.  The  arc  lighting,  properly  installed, 
becomes  a  good  advertisement  for  the  station,  and 
when  advocated  by  a  satisfied  customer  will  usually 
bring  in  enough  new  business  to  offset  any  temporary 
reduction  in  revenue.  P.  G.  Gosslek, 

Montreal. 
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18. — Should  parallel  arc  lamps  be  purchased  by 
the  consumer^  or  be  furnished  by  the  station,  either 
free  or  at  a  fixed  rental? 

Replying  to  your  question  No.  17,  regarding  the 
ownership  of  parallel  arc  lamps,  I  would  say  that  all 
our  experience  has  been  in  favor  of  ownership  by  the 
lighting  company. 

No  matter  how  uniform  your  voltage  may  be,  if 
a  poor  lamp  is  installed,  poor  carbons  are  used,  or  the 
lamp  is  carelessly  trimmed  or  is  allowed  to  get  into 
bad  condition,  the  service  will  be  unsatisfactory.  You 
will  never  be  able  to  excuse  or  explain  the  poor  re- 
sults to  the  customer  who  owns  his  arc  lamps,  or  to 
his  friends  to  whom  he  tells  his  troubles.  The  only 
thing  you  can  do  is  to  fix  his  arc  lamp  up  for  him 
and  properly  retrim  it  with  first-class  carbons.  In  a 
short  time  the  conditions  are  as  bad  as  ever.  In 
other  words,  you  have  practically  the  same  amount  of 
trouble  and  responsibility  when  the  customer  owns 
the  lamp  as  when  it  is  owned  by  the  station,  while  in 
the  latter  case  you  are  able  to  determine  the  style 
and  character  of  lamp  and  quality  of  carbons  to  be 
used,  and  to  see  that  it  gets  skilled  attention  when- 
ever it  needs  it.  Under  such  circumstances  there  is 
no  excuse  for  poor  results. 

With  regard  to  renting  constant  potential  arc 
lamps,  I  would  say  that  we  use  them  principally  for 
competition  with  Welsbach  or  other  cheap  light,  and 
so  far  from  being  able  to  exact  a  rental  we  are  fre- 
quently obliged  to  cut  our  standard  rates  for  current. 
Of  course,  conditions  differ  in  different  cities,  but  we 
have  plants  in  six  states  and  find  the  situations  prac- 
tically the  same  in  all.         H.  T.   Hartman. 

Philadelphia,  Pa. 
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I  am  in  favor  of  the  station's  furnishing  multiple 
arc  lamps  to  consumers  free,  but  it  should  provide 
for  the  increased  cost  over  the  watt  equivalent  in 
incandescent  lamps,  due  to  low  power  factor,  by  a 
two-rate  system  in  which  allowance  is  made  for  such 
increased  cost.  W.  J.  Green, 

Cedar  Rapids,  la. 

I  am  strongly  in  favor  of  the  station's  supplying 
parallel  arc  lamps.  The  station  should  also  trim  and 
care  for  the  lamps.  The  consumer  could  be  charged 
a  certain  extra  fixed  sum  per  month  to  apply  on  ac- 
count of  payment  for  lamps. 

Louis  B.  Marks, 

New  York  City. 

If  the  consumer  can  be  induced  to  purchase  parallel 
arc  lamps,  the  company  can  afford  to  give  a  material 
reduction  in  rate,  as  the  purchase  of  any  equipment 
by  the  consumer  is  the  best  guarantee  of  a  continued 
contract  for  service.  The  purchase  pf  lamps  by  the 
consumer  is  also  a  very  excellent  excuse  for  making 
a  special  rate  for  some  desirable  customers  where 
otherwise  it  would  create  a  very  bad  feeling  if  the 
special  rate  were  known  to  other  users.  In  the  ma- 
jority of  cases  the  company  should  supply  arc  lamps 
at  a  fixed  rental  or  on  a  minimum  charge  per  lamp. 
We  feel  that  the  fixed  rental  would  be  the  better 
plan,  although  we  have  established  the  minimum  rate. 

C.  R.  Maunsell, 

Topeka,  Kan. 

I  see  no  reason  why  inclosed-arc  lamps  should  not 
be    purchased    by    the    consumer    under     all    circum- 
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stances,  thus  avoiding  the  risks  incident  to  the 
station's  having  its  property  distributed  all  over  the 
city  and  being  entrusted  to  the  hands  of  all  classes 
of  customers,  destruction  by  fire,  lamps  getting 
broken,  etc. 

There  is  no  more  reason  why  electric-light  com- 
panies should  furnish  arc  lamps  free  than  why  gas 
companies  should  furnish  gas  ranges  or  electric-light 
companies  furnish  fixtures,  wiring,  etc.  However,  I 
feel  that  the  station  should  take  care  of  the  lamps; 
that  is  to  say,  furnish  inner  globes,  trim,  and  do  small 
repairs.  This  practically  takes  the  place  of  furnishing 
incandescent-lamp  renewals  gratis,  as  I  estimate  that 
the  expense  of  trimming  inclosed-arc  lamps  is  prac- 
tically the  same  as  furnishing  incandescent-lamp  re- 
newals. The  only  question  that  might  arise  is,  How 
can  this  be  done  properly,  so  as  to  avoid  getting  on 
the  system  all  the  different  makes  of  arc  lamps  on  the 
market  for  which  supply  and  repair  parts  would  have 
to  be  carried  in  stock  by  the  station  ?  To  this  I 
should  reply,  that  the  station  specify  lamps  for  which 
repair  parts  are  carried  in  stock,  and  any  customer 
buying  lamps  of  other  makes  must  furnish  the  globes 
and  repair  parts  himself,  the  station  simply  trimming 
them ;  and,  further,  the  station  should  agree,  when 
selling  arc  lamps  to  consumers,  to  take  them  off  their 
hands  should  they  decide  to  discontinue  the  use  of 
arc  lamps  and  desire  to  dispose  of  them  ;  that  is  to 
say,  allow  the  cost  price,  less  a  depreciation  of  lo 
per  cent  per  annum.  These  second-hand  lamps  could 
in  turn  be  disposed  of  to  prospective  customers  at  the 
price  allowed,  plus  the  cost  of  putting  same  in  good 
condition ;  that  is  to  say,  the  lamp  should  be  thor- 
oughly overhauled  before  being  put  back  in  service ; 
in    other    words,  the   station    should   act  as  a  clearing 
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house.  Take  this,  for  illustration  :  A  customer  buys 
a  lamp  for  $15.  At  the  end  of  one  year  he  discon- 
tinues business  and  desires  to  dispose  of  the  lamp ; 
he  has  an  agreement  with  the  station  to  take  the  lamp 
off  his  hands,  provided  the  lamp  is  in  good  condition, 
less  a  depreciation  of  10  per  cent. 

H.    J.    GiLLE, 

St.   Paul,  Minn. 

In  the  opinion  of  the  writer,  they  should  be  fur- 
nished free,  so  far  as  any  specific  charge  for  the 
rental  of  the  lamp  itself  is  concerned. 

John  F.  Gilchrist, 

Chicago,  111. 


/9. — How  may  rates  be  so  adjusted  as  to  compen- 
sate for  the  low  power  factor  of  alternating-current 
multiple  lampsy  which  require  a  larger  investment  for 
generating  and  transformer  equipment  and  a  greater 
core  loss? 

By  using  a  combination  demand  and  meter  rate, 
the  demand  based  on  apparent  energy  and  meter  to 
register  true  energy.  H.  H.  Scott, 

Lincoln,  Neb. 

Rates  may  be  so  adjusted  as  to  compensate  for  the 

low  power  factor  of  alternating-current  multiple  lamps, 

by  arranging   an    equitable   sliding   scale   of    discounts 

for  such  current  service. 

Louis  B.  Marks, 

New  York  City. 

I  believe  that  a  charge  should  be  made  for  **  readi- 
ness  to   serve"  a  consumer,  and  that,  in   figuring  the 
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cost  of  readiness  to  serve,  volt-amperes  of  alternating- 
current  arc  lamps  should  be  used  as  representing  the 
demand  on  which  they  should  pay,  and  the  true 
energy  supplied  should  represent  the  charge  for 
current  used.  Anonymous. 


20. —  What  is  the  relative  cost  of  trimming  and 
maintaining  inclosed-arc  lamps  as  compared  with  fur- 
nishing free  renewals  of  glow  lamps? 

It  costs  about  four  or  five  times  as  much  to  trim 
and  maintain  inclosed-arc  lamps  as  it  does  to  furnish 
free  renewals  of  glow  lamps. 

Louis  B.  Marks. 

New  York  City. 

One  trimmer  can  conveniently  take  care  of 
approximately  300  commercial  arc  lamps.  He  can,  of 
course,  trim  a  great  many  more,  but  will  be  compelled 
{  to  neglect  a  great  many  lamps  that  need  attention. 

Assuming  an  average  burning  of  three  hours  per 
day  or  approximately  45  kw-hours  per  month  for 
each  lamp,  the  life  of  one  trim  being  100  hours,  the 
life  of  the  inner  globe  600  hours,  the  300  lamps 
would  consume  approximately  13,500  kw-hours,  270 
carbons  and  45  inner  globes  per  month.  The  ex- 
pense, not  including  repairs  therefor,  would  be 

I   trimmer $55. 00 

270  carbons  at  3  cents  each 8.10 

45  globes  at   10  cents  each 4.50 

Total  cost $67.60 

making    the    total    cost    approximately    five    mills    per 
kw-hour. 
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Assuming  the  life  of  an  incandescent  lamp  to  be 
6cx)  hours,  consuming  50  watts  or  30  kw-hours  during 
its  useful  life,  lamp  costs  15  cents  in  the  store  house, 
or  equal  to  five  mills  per  kw-hour.  This  cost  does 
not  include  the.  delivery  of  lamp  renewals  to 
customers,  which  I  think  is  generally  customary, 
but  figuring  on  a  store-house  basis  for  incandescent 
lamps  and  trimming  arc  lamps,  there  is,  I  think, 
very  little  difference  in  the  cost.  I  have  assumed 
that  the  customer  owns  the  arc  lamps. 

H.    J.    GiLLE, 

St.   Paul,  Minn. 


2L — What    results   have   been   obtained  from    the 
use  of  Nernst  lamps  ? 


Thirty-two  106-volt  Nernst  lamps,  placed  in  the 
office  and  dining-room  of  a  hotel,  have  given  splendid 
satisfaction  so  far  as  light  is  concerned.  The  life  of 
the  glowers,  however,  has  been  short,  averaging  less 
than  100  hours.  A  recording  voltmeter  shows  even 
regulation  at  proper  electromotive  force. 

W.  J.  Greene, 

Cedar  Rapids,  la. 

For  one  year  we  have  operated  in  our  general 
offices  at  510  West  Twenty-third  street.  New  York, 
for  the  purpose  of  general  illumination,  48  single- 
glower,  three  three-glower  and  six  six-glower  Nernst 
lamps  (a  total  of  93  glowers)  on  a  circuit  of  nominal 
216  volts,  alternating  current.  Records  show  that  at 
times  the  voltage  has  been  as  high  as  242  and  as  low 
as    194,    with   an    average   variation    of  approximately 
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eight  per  cent ;  that  is,  four  per  cent  above  and  four 
below.  The  character  of  the  light  has  been  all  that 
could  be  desired.  Some  little  trouble  was  experienced 
in  the  cutout  of  the  single-glower  lamps  shortly  after 
installation.  These  were  repaired  and  since  then  have 
operated  entirely  satisfactorily.  In  the  three-glower 
lamps  a  slight  humming  was  noticed  when  first 
installed,  but  that  was  remedied  and  there  has  been 
no  trouble  since.  Records  of  the  number  of  glowers 
replaced  were  not  kept  previously  to  September  i, 
1 901.  From  this  date  to  April  i8th,  but  68  new 
glowers  had  been  put  in.  In  one  instance,  at  least, 
in  a  single-glower  lamp  there  has  been  but  one 
replacement  during  the  year ;  this  was  in  a  lamp  that 
has  operated  satisfactorily  since  the  beginning,  burn- 
ing an  average  of  four  hours  per  day,  with  the 
glower  now  apparently  in  good  condition.  The  care 
of  the  lamps  has  been  entrusted  to  a  boy  about  16 
years*  old,  whose  duties  have  been  to  light  the  lamps 
in  the  morning  and  make  replacements  of  burned-out 
glowers.  It  is  interesting  to  note  that  apparently  the 
best  service  is  received  from  lamps  with  more  than 
one  glower ;  the  cause  for  this  the  Nernst  Company 
can  probably  give. 

As  stated  above,  shortly  after  the  lamps  were 
installed,  in  May,  1901,  some  few  mechanical  defects 
were  noted.  We  are  not  surprised  at  the  few  defects 
noted  in  these  earlier  lamps,  as  such  might  naturally 
be  expected  while  the  lamp  was  in  a  more,  or  less 
experimental  stage.  These  troubles  have,  however, 
been  satisfactorily  remedied,  and  the  lamps  have,  with- 
out exception,  operated  perfectly  satisfactorily  ever 
since. 

We  understand  that  the  price  of  Nernst  lamps  has 
been  regarded  as  rather  high,  but  this  would  be  natu- 
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ral  in  view  of  the  presumably  large  expense  involved 
in  the  experimentation  necessary  to  bring  the  lamp 
to  its  present  successful  form.  It  would  be  natural 
to  expect,  now  that  the  preliminary  work  is  practi- 
cally over,  that  the  price  of  lamps  will  be  reduced,  so 
that  there  can  be  no  reasonable  ground  for  criticism 
on  this  score  from  now  on. 

In  short,  our  experience  with  the  Nernst  lamp  has 
been  such  as  to  demonstrate  that  in  its  present  shape 
it  is  a  commercial  success.  As  to  the  extent  to  which 
these  lamps  are  being  used,  the  Nernst  company  can 
probably  give  more  reliable  data.  We  have  observed 
them  in  a  great  many  places,  and  the  replies  to  our 
inquiries  as  to  their  successful  operation  have  always 
been  in  the  affirmative.  The  matter  of  renewals  is  a 
very  simple  one,  which  any  intelligent  office  boy  can 
successfully  carry  out.  Frank  S.  Smith, 

New  York  City. 


We  have  felt  the  necessity  for  some  time  for  a 
lamp  to  fill  the  gap  between  the  ordinary  cliister  and 
the  soowatt.  inclosed-arc  lamp.  In  quite  a  number 
of  places  the  cluster  would  not  give  sufficient  light, 
while  the  500-watt  l^mp  would  give  more  jight  than 
was  really  necessary ;  and  in  other  cases  one  arc  lamp 
would  not  give  sufficient  light  and  t\yo  lamps,  too 
much ;  besides,  the  cost  of  current  to  the  consumer 
in  both  cases  would  be  more  than  circumstances 
would  warrant.  The  350-watt  inclosed-arc  lamp  was 
tried,  but  with  indifferent  success,  there  being  little 
difference  in  consumption  of  current  between  if  and 
the  ,5oowatt  lamp,  and  also  much  less  power  of 
illumination.  The  Nernst  lamp,  therefore,  appeared 
to  us  to  meet  the  conditions  above  noted,  and  also  to 
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open  a  field  for  use  of  current  which  we  could  not 
otherwise  obtain.  It  would  be  a  strong  competitor 
of  the  Welsbach  light  and  of  the  Humphrey  gas  arc. 
Another  consideration  was  that  it  would  serve  as  an 
educator  in  the  use  of  electric  lighting,  with  but  small 
expense  to  the  customer. 

In  one  instance  we  installed  one  Nernst  lamp  in 
a  store  that  was  using  Welsbach  burners;  after  the 
lamp  had  been  in  use  a  little  over  a  month  the 
customer  wired  his  store  for  1 1  inclosed-arc  lamps 
and  about  50  incandescent  lamps,  abandoning  entirely 
the  use  of  gas.  In  another  case  we  displaced  a 
Humphrey  gas  arc  with  a  Nernst  lamp  to  the  com- 
plete satisfaction  of  the  customer,  both  as  to  quality 
of  light,  and  cost. 

I  give  below  some  observations  as  to  the  renewals 
of  glowers  and  general  behavior  of  the  few  Nernst 
lamps  that  we  have  put  out  in  regular  service : 

Lamp  No.  i  :  Three-glower,  installed  February  ist; 
March,  all  glowers  changed  on  account  of  burning 
dim.  Current  consumed  February  ist  to  April  23d, 
1 1 7.2  kw-hours;   cost  to  customer.  $7.55  net. 

Lamp  No.  2  :  Three-glower,  installed  January  29th. 
Current  consumed  January  29th  to  April  23d,  51.2 
kw-hours;  cost  to  customer,  $4.77  net.  This  lamp 
burning  well  May  ist,  with  no  change  of  glowers,  and 
with  apparently  small  decrease  in  illumination. 

Lamp  No.  3  :  Six^lower,  installed  January  6th  at 
one  of  our  sub-stations  to  burn  all  night,  every  night. 
This  lamp  was  equipped  with  a  small  inclosing  globe 
and'  shade.  January  i6th,  one  glower  burned  out,  and 
globe  badly  blackened.  January  23d,  two  glowers 
burned  out.  February  28th,  put  in  new  set  of  glow- 
ers. May  6th,  one  glower  burned  out.  Current  used 
January   6th   to    May  6th,  297.5    kw-hours,  with    four 
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glower  renewals,  or  one  glower  to  each  74.3  kw-hours. 
or  1,486  5owatt  lamp-hours. 

Lamp  No.  4 :  Six-glower,  installed  March  4th. 
April  8th,  one  glower  burned  out.  Current  used 
March  4th  to  May  6th,  155  kw-hours,  or  one  glower 
for  77.5  kw-hours,  or  1,550  50-watt  lamp-hours. 

Lamp  No.  5 :  Three-glower,  installed  February 
25th.  No  renewals.  Taken  out,  and  customer  in- 
stalled 1 1   inclosed-arc  lamps. 

Lamp  No.  6 :  Three-glower,  installed  February 
26th.  March  19th,  one  glower  burned  out.  Current 
used  February  26th  to  April  23d,  27.1  kw-hours 
at  cost  to  customer  of  $3.20  net.  One  glower  for 
540  50-watt  lamp-hours. 

Lamp  No.  7:  Three-glower,  installed  March  21st. 
May  7th,  one  glower  burned  out.  Current  used,  26.5 
kw-hours,  or  one  glower  renewal  for  530  50-watt  lamp- 
hours. 

We  have  not  been  advised  as  to  the  price  the 
manufacturers  intend  charging  for  new  glowers,  but 
figuring  on  a  basis  in  comparison  with  lamp  renewals 
at  half  a  cent  per  kw-hour,  in  the  cases  noted,  would 
show  cost  for  renewals  as  follows : 

Lamp    No.    i        11 7.2  kw-hours      $  .586        3  glowers 
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Total,  674.5  kw-hours      $3,371      11  glowers 

Or  an  average  of  $.306  per  glower. 

No  record  has  been  kept  of  inspection,  or  time 
consumed  thereon,  it  being  more  to  our  purpose  to 
observe  the  working  efficiency   and  adaptability  of  the 
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lamp  to  commercial  service   than   to  obtain   an   elabo- 
rate record  of  costs. 

The  conditions  observed  by  us  are : 

There  is  a  tendency  on  the  part  of  the  glowers  to 
warp,  thus  bringing  them  so  far  away  from  the  heater 
as  to  make  the  lamp  very  slow  in  starting  up,  the 
shortest  time  noted  being  30  seconds  and  the  longest 
three  minutes. 

We  have  had  only  one  complaint  of  light  becom- 
ing dim,  and  this  was  only  proven  when  the  old 
glowers  and  holder  were  substituted  for  new  ones. 
We  do  not  think  this  dimming  is  attributable  to  the 
black  deposit  on  the  holder,  but  is  due  to  some  defect 
in  the  glower  itself,  as  we  have  put  new  glowers  in 
partly  blackened  holders  without  appreciable  difference 
in  the  light. 

Where  we  have  found  warped  glowers  we  have 
been  able  to  correct  the  lighting  up  by  turning  them 
partly  over  or  bending  up  the  terminals  so  as  to  bring 
the  glowers  closer  to  the  heater. 

We  have  as  yet  had  no  trouble  from  the  giving 
out  of  the  steadying  resistance,  or  heaters. 

To  our  mind,  much  the  most  important  obstacle 
to  be  overcome  is  the  prevention  of  the  warping  of 
the  glowers,  for  on  this  depends  the  satisfactory  oper- 
ation of  the  lamp. 

First — Because  a  glower  that  is  warped  will  not 
light  up  quickly,  and  will  consequently  cause  com- 
plaint from  the  customer. 

Second — Tardy  lighting  up  throws  the  heater  into 
action  for  a  longer  period,  and  therefore  necessitates 
its  more  frequent  renewal. 

If  this  condition  is  remedied  and  we  find  no 
further  defects  in  their  operation,  which  from  our 
limited  experience  we    can  not  look    for,  and  the  cost 
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of  glower  renewals  is  not  excessive,  we  feel  that 
owing  to  the  fact  before  noted — that  there  is  a  field 
for  it — the  lamp  should  come   into   quite   general  use. 

E.  F.  Phillips, 

Detroit,  Mich. 


The  results  thus  far  have  been  satisfactory  to  most 
of  our  customers  and  to  ourselves.  We  have  found 
it  necessary  to  use  care  in  supplying  glowers  of  the 
proper  voltage  for  the  current  furnished,  as  excessive 
voltage  will  soon  destroy  the  glowers.  With  normal 
voltage  some  glowers  will  burn  out  within  icx>  hours, 
but  if  they  bum  for  i(x>  hours  long  life  seems  to  be 
assured. 

We  find  that  we  can  secure  business  with  the 
Nernst  lamp  that  we  can  not  get  with  either  the  arc 
or  incandescent,  and  that  it  competes  successfully  with 
the  Welsbach. 

The  cost  per  kilowatt  for  supplying  current  for 
Nernst  lamps  is,  of  course,  greater  than  for  incan- 
descents;  on  account  of  ii^terest  and  depreciation  in 
addition  to  cost  of  renewals  and  care  of  lamps,  and 
we  have  therefore  found  it  necessary  to  charge  a 
higher  rate  per  kilowatt  if  we  furnish  the  lamps. 

G.  O.  Nagle, 

Savannah,  Ga. 


The  results  thus  far  from  our  use  of  Nernst  lamps 
have  been  very  satisfactory  indeed. 

'  F.    H.    GOLDING, 

Branford,  Conn. 
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22. — Should  the  consumer  or  the  station  supply 
Nernst  lamps^  and  how  should  renewals  be  taken 
care  of? 

We  should  prefer  having  the  customer  pay  for 
and  own  the  lamps,  in  which  case  we  could  furnish 
current  at  the  same  rate  as  for  incandescent  lamps ; 
but  we  believe  such  a  plan  would  result  in  less  busi- 
ness than  if  the  station  furnished  the  lamps  and  made 
the  necessary  higher  charge  for  current.  The  station 
should  make  all  renewals  free,  and  should  also  make 
regular  inspections  and  exchanges  of  holders. 

G.  O.   Nagle, 

Savannah,  Ga. 

We  require  the  customer  to  supply  the  lamp, 
while  we  furnish  renewals  free  of  expense,  as  in  the 
case  of  ordinary  incandescent  lamps. 

F.    H.    GOLDING, 

Branford,  Conn. 

We  ^re  now  installing  the  Nernst  lamps  for  com- 
mercial and  residence  use ;  the  consumer  will  buy  the 
lamps  and  furnish  renewals. 

J.   M.   Uptegraff, 

Sewickley,  Pa. 


23. —  Where    are    Nernst     lamps    being    used  for 
street  lighting,  and  with  what  Success? 


We  are  using  in  Unionville,  Conn.,  125  single- 
glower  and  15  six-glower  Nernst  lamps  on  the  street- 
lighting  service ;  these    lamps   covering   all    the    street 
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lighting  that  this  company  does.  From  the  stand- 
point of  the  public  they  are  giving  excellent  satisfac- 
tion ;  the  light  being  a  pleasant  one,  and  the  fact  that 
double  candle  power  is  given  for  practically  the  same 
price  being  of  much  satisfaction  to  the  public.  From 
the  standpoint  of  the  company,  we  have  not  as  yet 
sufficient  data  to  judge  of  their  commercial  success, 
as  we  have  been  using  these  lamps  only  about  five 
months.  We  can  state,  however,  that  we  consider 
there  is  no  question  about  the  matter,  provided  a 
steady  voltage  is  given  the  current ;  we  finding  that 
any  very  serious  variations  in  voltage  affect  the  life 
of  the  lamp. 

The  Union  Electric  Light  &  Power  Co. 

The  Sewickley  Electric  Company,  Sewickley,  Penn- 
sylvania, is  furnishing  Nernst  lamps  for  street  light- 
ing. A  six-glower  lamp  is  used,  and  gives  perfect 
satisfaction.  The  lamps  have  been  in  use  since  Octo- 
ber, 1 901.  The  glowers  have  given  an  average  life 
of  1,300  hours.  Lamps  are  inspected  but  twice  a 
v^reek — Wednesdays  and  Saturdays — and  all  burned- 
out  glowers  are  renewed  on  these  days.  These  street 
lamps  are  furnished  and  renewed  by  the  lighting  com- 
pany. J.  M.   Uptegraff, 

Sewickley,  Pa. 


24. — Is  the  Nernst  lamp  in  its  present  shape  and 
at  its  present  price  a  commercial  success  ? 


From  investigation,  and  as  a  lighting  company, 
we  should  say  it  is  not.  Our  reason  is  that  the 
Nernst  lamp  has   been  successfully  developed  to  meet 
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the  conditions  and  standards  for  a  very  few  central 
stations,  and  if  adopted  in  its  present  form  it  would 
cost  a  great  deal  for  change  of  system  on  the  part 
of  the  electric-lighting  company. 

J.  H.  Perkins, 

Youngstown,  O. 


25. —  What  is  the   cp-hour   life  of  a  Nernst  lamp 
to  a  depreciation  of  20  per  cent  below  its  initial  value  ? 


We  have  not  yet  run  these  lamps  800  cp-hours 
since  we  began  to  keep  our  records  on  this  matter, 
but  should  judge  that  the  average  life  would  be  nearly 
up  to  this.  While  they  deteriorate  somewhat,  we  do 
not  believe  that  the  deterioration  is  as  noticeable  as  it 
is  in  an  ordinary  incandescent  lamp. 

The  Union  Electric  Light  &  Power  Co., 

Unionville,  Conn. 


discussion 

The  President:  Are  there  any  questions  to  ask 
or  answers  to  give  in  connection  with  the  Nernst 
lamp  questions?  I  think  that  Mr.  Dunham  or  Mr. 
Rollins,  of  Hartford,  has  a  communication  on  the 
subject. 

Mr.  Dunham  :  We  have  had  these  lamps  in  use 
for  15  months.  The  use  we  have  made  of  the 
lamp  has  been  principally  experimental,  to  determine 
its  value.  Of  course,  not  having  any  price  for  either 
lamp  or  glowers,  it  was  not  possible  to  determine  the 
comparative  economy  of  the  lamp.  But  we  have 
come    to    this    conclusion — that    the    Nernst    lamp    is 
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closely  related  to  the  arc  lamp  in  the  matter  of  trim- 
ming. Every  arc  lamp  is  a  new  lamp  every  time 
you  trim  it;  every  Nernst  lamp  is  a  new  lamp  every 
time  you  trim  it ;  you  have  that  advantage  in  a 
Nernst  lamp  as  related  to  the  arc  lamp.  It  also  re- 
quires about  the  same  care  in  repairing  and  cleaning ; 
principally  in  cleaning.  It  requires  about  the  same 
care  as  an  arc  lamp,  and,  of  course,  we  have  a  shop 
where  we  can  take  care  of  both  the  arc  lamp  and  the 
Nernst  lamp.  The  question  that  occurs  to  everybody 
is  :  How  often  can  you  afford  to  trim  the  lamp,  and 
what  will  it  cost ;  that  is,  as  related  to  the  arc  lamp  ? 
As  regards  the  relation  of  the  Nernst  lamp  to  the 
Edison  incandescent  lamp,  you  can,  of  course,  put  it 
on  any  socket  where  you  can  burn  an  Edison  lamp. 
You  have  a  better  quality  of  light ;  I  do  not  think 
anyone  will  question  that.  You  have  a  soft,  brilliant 
light ;  not  too  bright,  but  compared  with  the  Edison 
lamp  it  is  a  superior  light.  Of  course  the  power 
question  is  not  so  important,  except  in  the  saving  of 
machinery.  You  make  a  great  saving  in  your  in- 
stallation of  machinery  and  in  all  the  various  line 
systems  and  underground  work,  by  putting,  in  half 
the  current.  I  expect  to  install  about  5,000  of  the 
Nernst  lamps  this  coming  year,  which  shows  that  we 
have  confidence  in  them.  I  have  no  doubt  whatever 
(although  it  is  a  lamp  of  luxury,  as  was  the  Edison 
within  our  recollection ;  for  we  remember  when  we 
paid  75  cents  for  a  lamp,  and  it  did  not  last  very 
long  either,  still  it  came  down  in  price  slowly)  that 
the  Nernst  lamp  will  come  within  our  reach  as  a 
bread-and-butter  lamp  more  rapidly  than  did  the 
Edison,  because  it  has  severer  competition.  It  must 
be  put  in  such  shape  that  it  can  be  manufactured  on 
a  large  scale,  but  you  can  not  reduce  prices  until  you 


6i6 


do  manufacture  on  a  large  scale.  I  think  the  lamp 
is  certain  to  be  a  success. 

Mr.  Williams:  As  I  understood  Mr.  Dunham's 
remarks,  they  were  to  the  effect  that  he  has  found  it 
necessary  to  bestow  upon  the  Nernst  lamp,  to  get 
entirely  satisfactory  results  from  its  use,  about  as 
much  attention  as  is  required  to  get  satisfactory  re- 
sults from  the  arc  lamp. 

The  President  :  Are  there  any  further  questions 
or  comments  on   the  Nernst  lamp  ? 

Mr.  Ferguson  :  I  ask  Mr  Wurts,  who,  I  under- 
stand, is  to  close  the  discussion,  kindly  to  tell  us, 
when  he  replies,  what  developments  have  been  made 
toward  the  direct-current  Nernst  lamp,  or  the  Nernst 
lamp  for  use  on  direct  currents.  What  are  the  pros- 
pects for  a  good  lamp  for  use  on  that  service  ? 

Mr.  Williams:  I  would  add  a  question,  if  not 
asked  already,  as  to  the  measurements  that  have  been 
made  to  show  the  energy  consumption  per  candle 
power  in  the  Nernst  lamp ;  referring  to  the  basis  of 
measurement  applied  to  the  incandescent  lamp. 

Mr.  Dunham  :  I  omitted  to  make  the  statement 
that  you  get  a  better  distribution  value  than  you  get 
with  the  arc  lamp.  You  get  all  the  advantages  of 
distribution  in  the  Nernst  lamp  that  you  get  in  the 
Edison  lamp,  which  you  can  not  secure  with  the  arc 
lamp. 

Mr.  McGee  :  I  ask  if  it  is  possible  to  burn  the 
lamp  in  any  other  than  the  vertical  position. 

Mr.  Davis  :  What  is  the  supposed  rate  of  de- 
terioration or  depreciation  ?  Is  the  useful  life  supposed 
to  be  800  hours,  less  than  800  hours,  or  more  than 
800  hours  ^ 

Mr.  Hallberg:  What  are  the  maximum  and 
minimum  voltages  for  the  Nernst  lamp  ? 
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Mr.  Mordock  :  We  have  not  gone  into  the 
Nernst  lamp  commercially,  but  have  been  burning  a 
6o-cycle,  208-volt  lamp  for  about  1,100  hours,  and  we 
find  that  as  the  candle  power  falls  off,  the  current 
also  falls  off.  At  the  start,  it  consumed  about  170 
watts,  and  after  burning  about  1,100  hours,  consumed 
only  140  watts. 

The  President  :  We  will  ask  Mr.  Wurts  to 
close  the  discussion. 

Mr.  Wurts:  I  want  to  call  your  attention  first 
to  the  life  of  the  glower,  as  referred  to  in  the 
Sewickley  letter,  which  claims  1,300  hours.  You 
should  understand  that  their  frequency  is  125  cycles. 
In  regard  to  the  remark  made  in  the  answer  from 
Savannah — that  if  the  glower  ran  100  hours  it  then 
had  a  long  life — I  want  to  tell  you  that  one  of  the 
chief  causes  of  the  early  breakage  in  the  glower  thus 
far  has  been  the  mechanical  strain  on  the  glower. 
Unfortunately,  those  who  use  the  lamps  have  not  the 
information  we  should  like  them  to  have,  and  they 
are  not  aware  of  the  fact  that  the  glower  expands 
and  contracts,  particularly  at  times  of  lighting  and 
turning  off.  The  glower  should  be  perfectly  free,  and 
should  have  an  end  play  of  about  one-sixteenth  of  an 
inch.  If  it  has  this  end  play,  no  mechanical  strain 
will  be  brought  upon  the  glower,  and  fhe  average  life, 
barring  a  defective  glower  or  accident,  should  be  800 
hours  on  60  cycles.  Right  in  line  with  this  remark^ 
I  will  answer  the  question  with  reference  to  frequency. 
The  life  of  the  glower  is  800  hours  on  60  cycles,  and 
400  hours,  apparently,  on  25  cycles ;  we  have  not  full 
information  on  the  latter  point ;  experiments  are  being 
carried  on  in  Buffalo,  on  the  circuit  from  Niagara 
Falls,  that  indicate  a  considerably  longer  life  than  400 
hours,  but  these  experiments  have  not  been  completed, 
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and  I  can  not  say  anything  definite  at  this  time.  The 
figure  of  4(Do  hours  that  I  am  giving  you  is  based  oi> 
results  obtained  from  about  350  six-glower  lamps  that 
are  operated  in  the  factory  of  the  Westinghouse  com- 
pany on  25  cycles.  On  the  16,000  alternations,  the 
life  seems  to  be  about  1,200  hours.  The  experiments 
on  that  number  of  cycles  have  not  been  exhaustive,, 
but  the  indications  are  that  the  life  is  about  1,200 
hours. 

As  to  the  cost  of  trimming,  we  have  not  very 
complete  data ;  I  think  we  must  look  to  the  central- 
station  men  for  that  information.  The  Westinghouse 
Machine  Company  has  a  large  number  of  six-glower 
lamps  in  its  factory,  and  has  kept  a  record  of  the 
labor  required  to  take  care  of  the  lamps,  and  the 
figures  indicate  that  it  requires  a  one-man  hour  for 
800  lamps  on  the  six-glower  lamp.  I  have  not  veri- 
fied these  figures,  and  do  not  know  anything  about 
them  personally.  This  statement  is  taken  from  that 
company's  records. 

As  to  the  prospects  for  a  direct-current  lamp. 
You  probably  know  that  our  European  friends  have 
labored  along,  the  lines  of  a  direct-current  lamp,  exclu- 
sively. They  have  not,  so  far  as  I  am  aware,  made 
the  alternating-current  lamp,  so  the  direct-current  lamp 
is  not  only  a  possibility,  but  a  fact.  We  think  we 
are  doing  wisely  to  work  along  the  lines  of  an  alter- 
nating-current lamp,  rather  than  to  parallel  their  work. 
As  a  result,  we  have  found  that  the  life  of  the  glower 
on  the  alternating-current  is  much  greater  than  on  the 
direct  current,  and  we  have  continued  along  the  line 
of  alternating-current  work  with  the  idea  of  putting 
our  best  foot  forward  first.  But  we  are  now  making 
direct-current  glowers,  and  we  propose  to  put  them 
on  the  market  very  shortly.     We  shall  probably  be  in 
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position  by  the  first  of  September  to  supply  direct- 
current  lamps  in  quantity.  One  other  interesting 
feature  in  connection  with  this  subject  is  that  all 
lamps  will  be  exactly  the  same,  whether  for  direct 
current  or  for  alternating  current ;  that  is,  by  the 
lamps,  I  mean  everything  in  the  lamp  except  the 
glower ;  the  direct-current  glower  will  be  different 
from  the  alternating-current  glower.  The  same  re- 
mark applies  to  lamps  for  different  voltages.  As  an 
illustration,  take  the  220-volt,  six-glower  lamp;  if 
adjusted  for  200.  230,  240  volts — or  whatever  it  may 
be — the  lamp  will  be  the  same  in  every  respect  except 
the  glower. 

As  to  the  position  that  the  lamp  must  occupy, 
we  have  only  made  lamps  thus  far  that  will  operate 
in  a  downward,  vertical  position.  The  reason  for  this 
is  that  the  cut-out  operates  by  gravity.  For  any 
special  cases  we  could  reverse  the  position  of  the  cut- 
out in  the  lamp,  and  in  that  case  the  lamp  would 
operate  in  an  upward,  vertical  position  ;  but  we  have 
felt  that  the  light  should  be  thrown  downward  instead 
of  upward,  and  have  taken  no  steps  to  make  a  lamp 
that  will  operate  in  any  other  position  than  the  down- 
ward. We  have  endeavored  to  make  what  we  call  a 
"  universal  lamp ; "  that  is,  a  lamp  that  will  operate 
in  any  position  ;  but  that  would  require  something  in 
the  nature  of  a  spring  for  a  cut-out,  and  we  have 
found  that  a  spring  is  not  always  reliable. 

What  is  the  useful  life  of  the  glower?  Possibly 
that  is  a  good  deal  a  matter  of  opinion.  The  total 
life  'of  the  glower  seems  to  be,  as  I  have  stated, 
about  800  hours  on  60  cycles.  Whether  or  not  that 
would  be  considered  the  useful  life,  must  be  deter- 
mined by  you.  Nevertheless,  even  at  the  end  of  800 
hours  the  glower  still  has  an  efficiency  that  will  com- 
pete with  other  lamps  now  in  use. 
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As  to  the  range  of  voltage.  I  think  there  is  a 
a  very  great  misunderstanding  on  this  point.  I  find 
that  most  people  think  that  the  Nernst  lamp  is  very 
sensitive  to  changes  in  voltage.  I  do  not  think 
that  is  the  case  at  all.  I  think  that  idea  has  arisen 
largely  from  the  fact  that  in  every  case  we  demand 
the  accurate  voltage  of  the  circuit  upon  which  the 
lamp  is  to  be  operated,  and  our  object  in  requiring  a 
statement  of  this  voltage  has  been  that  we  might  be 
able  to  place  the  lamp  before  the  customer  under  the 
best  possible  conditions.  In  a  great  many  cases  where 
an  incandescent  lamp  is  bought  and  placed  on  ihe 
circuit,  and  not  much  attention  given  to  the  question 
of  voltage,  and  the  life  of  the  lamp  is  short,  you 
think  nothing  of  it  and  simply  replace  the  lamp ;  but 
the  Nernst  lamp  being  new,  the  customer  watches  it 
critically  to  see  if  it  lives  up  to  the  claims  made  for 
it  by  the  manufacturer.  As  a  result,  we  think  it  wise 
to  request  reasonably  accurate  figures  with  regard  to 
voltage,  so  that  we  can  adjust  the  lamp  at  the  factory 
for  that  particular  voltage.  I  have  found  in  a  large 
correspendence.  extending  over  six  months,  that  very 
few  of  the  central-station  people  realize  what  a  very 
great  change  there  is  in  candle  power  for  a  very  small 
change  in  the  line  voltage.  There  is  a  drop,  I  be- 
lieve, of  40  per  cent  in  candle  po.wer  in  an  incandes- 
cent lamp  for  a  drop  of  five  per  cent  in  voltage.  This 
being  the  case,  it  is  very  important  to  have  the  correct 
voltage  if  the  new  lamp  is  to  make  a  good  impression. 
The  variation  of  candle  power  in  the  Nernst  lamp  for 
a  rise  in  voltage,  however,  is  exceedingly  small  com- 
pared with  the  variation  of  the  incandescent  lamp. 
The  variation  in  candle  power  for  a  five-per-cent  rise  in 
voltage  is  only  1 2  per  cent  in  the  Nernst  lamp.  The 
effect  of  an  increased  voltage  on  the  Nernst  lamp  has 
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been  about  as  follows :  five-per-cent  rise  does  not 
seem  to  affect  the  life  of  the  glower  materially  ;  that 
is,  a  five-per-cent  rise  for  periods  of  hours  at  a  time. 
Probably  a  five-per-cent  increase  in  voltage  running 
continuously  would  make  a  little  difference  in  the  life 
of  the  glower.  A  lo-per-cent  rise  running  con- 
tinuously will  blacken  the  ballast  tube.  A  15-per- 
cent rise  will  make  the  ballast  tube  very  black,  and  a 
20-per-cent  rise  will  heat  the  ballast  tube  sufficiently 
to  soften  the  glass  bottle  containing  the  ballast.  On 
inspection  of  the  lamp,  therefore,  we  are  able  to 
determine  pretty  closely  how  the  lamp  has  been 
treated.  But  in  the  light  of  my  experience  with  the 
Nernst  lamp,  I  feel  it  is  impossible  to  burn  out  the 
glower  inside  of  2(do  hours,  on  account  of  the  very 
high  corrective  power  in  the  ballast.  It  is  impossible 
with  a  rise,  say,  of  10  or  15  per  cent  in  voltage  to 
mcrease  the  current  in  the  glower  sufficiently  to  burn 
it  out.  The  ballast  will  go  first  if  the  voltage  is 
raised  about  15  per  cent  and  run  continuously  at  that 
increase.  So  1  feel  very  confident  that,  if  a  glower 
gives  out  in  less  than  200  hours,  the  breakage  is  due 
to  mechanical  strain. 

Mr.  Williams  :  There  was  one  question  asked 
that  was  not  answered  by  Mr.  Wurts,  which  is  as  to 
figures  on  the  efficiency  of  the  lamp. 

Mr.  Wurts:  The  efficiency  question  is  a  difficult 
one  to  answer  satisfactorily.  It  seems  to  me — and  1 
think  most  of  you  will  agree  with  me — that  the  effi- 
ciency of  the  lamp  should  be  based  on  its  earning 
capacity.  But  many  of  you  will  wish  to  know  the 
efficiency  of  the  lamp  as  given  by  the  photometer 
bar.  We  have,  of  course,  made  many  measurements 
on  the  photometer,  and  these  measurements  have  been 
of  value   to    us   in    guiding   us   in    our  work  ;    but  we 
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have  not  yet  found  any  customer  that  cared  anything 
about  the  measurements  thus  made.  The  dry-goods 
man,  the  hotel,  or  the  office-building  man,  cares  noth- 
ing about  these  measurements.  If  he  can  see  the 
light,  and  see  the  general  distribution  and  quality  of 
the  light,  and  how  it  compares  with  other  lamps  with 
which  he  is  familiar,  he  makes  up  his  mind  whether 
he  wants  the  lamp  or  not.  We  have  given  the  lamps 
a  nominal  rating..  The  one-glower  is  called  a  50-cp 
lamp.  This  is  a  purely  nominal  rating,  and  we  have 
obtained  it  by  measuring  the  candle  power  on  the 
photometer  bar  in  the  direction  of  greatest  intensity  ; 
thus  the  one-glower  lamp  gives  50  candle  power  in  the 
direction  of  greatest  intensity  with  a  clear-glass  globe. 
But  we  have  devised  for  ourselves  our  own  kind  of 
photometer,  and  it  is  hardly  new  either.  In  our  exhibi- 
tion room  we  have  placed  a  ceiling  cluster  of  four  one- 
glower  lamps,  with  sand-blasted  glass  globes, .  and  in 
four  corners  of  the  ceiling  we  have  placed  four  clusters 
of  three  incandescent  lamps  each,  having  clear-glass 
globes  and  refiectors,  making  12  i6-cp  incandescent 
lamps  altogether ;  and  it  is  the  opinion  of  everyone 
who  has  been  in  the  room  that  there  is  a  great  deal 
more  light — better  illumination — from  the  four  one- 
glower  Nernst  lamps  than  frpm  the  12  i6-cp  incan- 
descent lamps.  Most  people  say  offhand  that  we  are 
getting  twice  as  much  light  from  the  Nernst  lamps. 
I  think  a  very  conservative  figure  would  indicate  that 
the  Nernst  lamps  are  giving  one-third  more  light. 
We  have,  then,  four  single-glower  lamps,  taking  352 
watts.  The  candle  power  is  measured  by  the  12.16-cp 
units  in  the  ceiling  (and,  by  the  way,  all  the  inc$in- 
descent  lamps  have  reflectors  over  them,  \yhile  the 
Nernst  lamps  have  none),  and  from. these  we^getiour 
candle  power.     That  is  to   say,  the   i6-cp  incandescent 
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lamps  are  taken  as  the  standard,  and  with  these  data 
and  the  power  supplied  to  the  Nernst  lamp,  we  obtain 
the  efficiency  of  the  Nernst  lamp ;  and  we  estimate 
that  it  approximates  one  and  one-half  watts  per 
candle.  We  thus  have  a  fair  and  conservative  figure 
for  the  efficiency  of  the  Nernst  lamp.  The  efficiency 
could  be  made  a  little  higher  or  a  little  lower,  accord- 
ing to  the  manner  in  which  you  care  to  consider  it. 
Take  the  six-glower  lamp,  for  instance ;  that  is  a  large 
unit,  and  in  most  cases  it  is  desirable  to  throw  the 
light  down,  and  we  find  the  mean  spherical  candle 
power  of  the  six-glower  lamp,  from  a  30-degree  zone, 
to  be  one  watt  per  candle ;  from  a  6odegree  zone, 
about  1.23  watts  per  candle. 


26. — Is  it  desirable  to  ground  secondaries^  as  per- 
mitted by  Rule  ija  of  National  Underwriters  Code  ? 


I  believe  that  secondaries  should  be  grounded,  but 
do  not  know  the  best  way  to  do  it. 

F.  Ellwood  Smith, 

Somerville,  Mass. 

We  believe  that  it  is  impossible,  i.  e.,  impracticable, 
to  maintain  grounds  sufficiently  good  to  protect  from 
accidents,  and  even  if  that  difficulty  were  overcome  it 
would  still  be  a  question  if  the  same  expense  would 
not  be  better  applied  to  proper  precautions  to  prevent 
such  accidents  as  occur,  by  so  arranging  that  grounds 
could  not  be  made  by  users  of  ordinary  care.  It  must 
be  an  unusual  strain  upon  the  transformer  insulation, 
especially  in  lightning  storms ;  but  if  it  must  be  done, 
then  let   the  customer  do  it  and  maintain  the  ground, 
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or  we  shall  have  gained  nothing  by  such  a  course. 
The  experience  we  had  with  grounded-transformer 
cores  should  not  be  forgotten.  The  practice  is  en- 
tirely abandoned,  and  for  similar  reasons  perhaps 
grounded  secondaries  would  also  be  objectionable  if 
the  practice  became  extensive. 

R.  J.  Patterson, 

Waterville,  Me. 

I  think  it  very  important  to  ground  the  second- 
aries of  transformers,  as  in  the  case  of  a  cross  be- 
tween the  primary  and  the  secondary  lines  it  would 
be  a  protection  to  the  houses,  also  in  case  of  a  break- 
down between  the  primary  and  secondary  winding. 

F.  L.  Sargent, 

Maiden,  Mass. 


I  am  inclined  to  favor  the  grounding  of  second- 
aries, *  but  am  awaiting  results  from  such  practice 
before  coming  to  a  conclusion.  Two  secondaries 
grounded  about  three  weeks  ago  have  given  me  no 
trouble.  Several  storms  have  prevailed  since,  in  which 
a  number  of  old  transformers,  accidentally  grounded  on 
one  leg  of  secondaries,  have  burned  out. 

W.  J.  Greene, 

Cedar  Rapids,  la, 

I  have  not  availed  myself  of  the  right  to  ground 
secondaries,  as  permitted  in  Rule  13a  of  National 
Underwriters'  Code,  because  I  feared  it  would  lead 
to  carelessness  on  the  part  of  employees  and  con- 
tractors. Should  a  house  become  grounded,  instead 
of  removing  the  ground  it  would  be  a  very  natural 
thing  simply  to  throw  the  grounded  side  on  to  the 
grounded    side    of    the  secondary    system.     Outside    of 
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this   fact,   I    believe    grounding   is   a   wise   precaution 
and  should  be  adopted.  Anonymous. 

We  are  in  favor  of  grounding  the  neutral  on  one 
line  of  the  secondary  system,  as  we  believe  it  offers 
better  protection  to  life  and  property,  for  the  follow- 
ing reasons: 

With  one  leg  properly  grounded,  the  maximum 
potential  between  any  secondary  wire  and  ground 
would  be  practically  limited  to  the  lamp  voltage,  as  in 
case  of  a  breakdown  between  primary  and  secondary 
there  would  be  a  path  to  ground  through  the 
grounded  secondary  terminal.  With  an  inter-connected 
secondary  system,  the  electrostatic  capacity  might  be 
troublesome,  and  even  dangerous,  which  condition  is 
entirely  eliminated  by  grounding  one  terminal. 

The  method  of  grounding  depends  entirely  upon 
the  nature  of  the  soil  and  sub-soil  of  the  locality 
where  it  is  desired  to  establish  a  ground.  Methods 
that  are  very  satisfactory  in  some  localities  will  not  do 
in  others.  In  Chicago,  it  is  a  comparatively  easy 
matter  to  establish  a  good  ground  by  burying  a  copper 
plate  at  the  time  the  pole  is  set,  or  by  driving  a  one- 
inch  gas  pipe  to  a  depth  of,  say,  six  to  eight  feet. 

P.    JUNKERSFELD, 

Chicago,  111. 


27* — Is  the  method  of  insulation  service  wires 
recommended  by  Nationcil  Underwriters  Code  de- 
sirable ? 

Rubber-covered  wire  is  unfit  for  insulating  purposes 
if  exposed  to  the  weather,  and  where  rubber-covered 
wire  is  used  it  should  be  covered  with  weatherproofing. 

Anonymous. 
41 
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28. — Should  the    neutral  or    one    of  the    outside 
wires  of  a  secondary  system  be  grounded? 


If  one  of  the  three  wires  of  a  secondary  system  is 
to  be  grounded,  the  neutral  is  the  one,  for  in  this 
case  it  is  only  possible  to  get  no  volts  on  a  110-220- 
volt  system  in  case  an  accidental  ground  is  made  on 
either  of  the  outside  wires.  H.   H.  Scott, 

Lincoln,  Neb. 

I  should  think  it  would  be  much  better  to  ground 
the  neutral.  F.  L.  Sargent, 

Maiden,  Mass. 

We  should  advise  grounding  the  neutral  wire  if 
any.  As  the  difference  of  potential  between  the 
neutral  wire  and  either  side  is  but  half  of  the  poten- 
tial between  the  two  side  wires,  and  would  therefore 
make  less  trouble,  should  either  of  the  sides  become 
grounded,  than  might  occur  if  one  side  was  grounded 
and  the  opposite  side  should  accidentally  be   grounded. 

James  E.  Pyle, 

West  Chester,  Pa. 

The  neutral  wire  should  be  grounded. 

P.    JUNKERSFELD, 

Chicago,  111. 


29. —  What  degree  of  accuracy  in  regulation  should 
be  required  in  each  part  of  the  distributing  system 
between  the  station  switchboard  and  the  consumers' 
meters  ? 

In  an  alternating-current  plant,  it  is  possible  and 
practicable  to  maintain  regulation  within  two  per  cent^ 
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and  I  therefore  think  this  should  be  the  maximum 
limit  allowed.  In  a  direct-current  plant,  it  is  possible, 
but  not  practicable,  to  maintain  regulation  within 
these  narrow  limits,  and  the  question  then  resolves 
itself  into  one  for  piu-ely  commercial  consideration. 
Two-per-cent  regulation  in  direct-current  plants  is  a 
myth,  in  spite  of  the  statements  of  the  managers  and 
engineers  of  direct-current  stations.  The  last  two-per- 
cent station  I  struck  had  a  real  regulation  that  was 
equivalent  to  about  four  times  this  in  actual  results. 
When  I  speak  of  two-per-cent  regulation,  I  mean  that 
the  pressure  at  any  point  in  the  city  shall  not  vary 
more  than  two  per.  cent  from  maximum  voltage. 

Anonymous. 


30. —  What  method  of  protection  should  be  used 
when  transformers  are  operated  with  interconnected 
secondaries  to  prevent  a  short-circuit  at  one  point  from 
blowing  the  fuses  on  all  the  transform^ers  feeding  the 
connected  network? 


Use  fuse  junction  boxes  on  secondaries,  electric- 
ally midway  between  transformers,  the  size  of  the 
fuse  depending  on  how  much  you  wish  to  overload 
any  one  transformer.  H.   H.  Scott, 

Lincoln,  Neb. 


Divide  the  secondaries  into  sections  by  fuses  of 
small  ampere  capacity  placed  at  points  where  they 
will  carry  small  currents,  except  in  cases  of  short 
circuits.  W.  T.  Oviatt, 

Bridgeport,  Conn, 
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We  use  the  same  plan  of  interconnecting  trans- 
former secondaries  that  we  do  on  the  mains  of  our 
three-wire  Edison  system,  and  have  never  had  any 
difficulty  from  short  circuits  blowing  except  in  the 
section  wherein  the  trouble  existed. 

C.  R.  Maunsell, 

Topeka,  Kan. 

If  secondaries  from  several  transformers  are  inter- 
connected, we  must  insert  fuses  at  the  middle  point 
electrically  between  transformers,  to  prevent  trouble  at 
one  point  from  extending  over  the  entire  network. 
The  carrying  capacity  of  these  fuses  depends  on  the 
size  of  the  transformers,  the  cross  section  of  the  sec- 
ondaries, and  the  distance  between  transformers.  They 
must  be  large  enough  to  allow  one  transformer  to 
help  out  its  neighbor  in  case  of  overload  at  one 
point,  but  they  must  also  be  light  enough  so  that  a 
short  circuit  at  any  point  on  the  network  will  blow 
the  junction  fuses  before  the  primary  fuses  on  next 
adjacent  transformers  give  way.  This  isolates  the 
defective  transformer  and  its  secondary  system,  and 
does  not  throw  out  the  entire  network. 

We  may  not  be  able  to  select  a  size  of  junction 
fuse  that  will  blow  at  exactly  the  proper  time  for  all 
conditions  of  load,  but  we  may  approximate  it  by 
slight  changes  in  the  primary  fuses  to  accommodate 
certain  conditions.  Suppose  we  desired  that  a  trans- 
former be  able  to  send  half  its  output  to  the  next 
district,  then  the  junction  fuses  should  have  half  the 
current  capacity  of  the  transformers,  and  in  case  of  a 
short  circuit  with  full  load  equally  distributed,  the 
primary  of  the  transformer  affected  would  blow  and 
each  transformer  would   send  current   to   the   defective 
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district.  If  the  cross  section  of  the  secondaries  is 
ample  and  the  distance  not  excessive,  the  resistance  of 
the  short  circuit  is  very  low  compared  with  the  normal 
secondary  circuit  through  the  lamps,  and  the  greater 
portion  of  the  current  tends  to  flow  through  the 
junction  fuse,  thereby  blowing  it  before  the  primary 
fuse  goes.  This  is  the  result  that  would  naturally  be 
expected,  but  experience  shows  that  this  does  not 
always  occur  with  transformers  fused  to  their  rated 
capacity;  probably  for  the  reason  that  the  primary  fuse 
is  already  warm  from  carrying  normal  load  and  the 
junction  fuse  is  cold  at  the  time  the  trouble  occurs. 
If  we  expect  the  junction  fuses  to  carry  half  the 
normal  load  of  the  transformers,  the  primaries  of  the 
transformers  must  be  fused  slightly  above  rated 
capacity,  in  order  that  trouble  may  not  extend  beyond 
one.  district.  If  we  can  distribute  transformers  so  that 
it  is  not  necessary  for  them  to  send  more  than  one 
fourth  or  one-third  of  their  rated  load  to  the  adjacent 
districts,  it  is  usually  safe  to  fuse  primaries  to  their 
rated  capacity.  For  an  interchange  of  load  for  more 
than  one-third  of  the  rated  capacity  of  the  transformers, 
I  think  that  primaries  should  be  fused  slightly  above 
the  normal  capacity  of  the  transformers,  in  order  that 
junction  fuses  may  do  their  work  properly.  This  is 
not  likely  to  cause  any  damage  to  the  transformers, 
as  short  circuits  will  blow  very  heavy  primary  fuses 
before  any  damage  is  done  to  the  transformer. 

L.  G.  Van  Ness, 

St.  Paul,  Minn. 


The  protection  of  interconnected  secondary  systems 
IS  a  problem  that  can  be  satisfactorily  solved  only  in 
particular  cases,  as  there  are  too  many  local  conditions 
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entering  in  to  make  it  possible  to  lay  down  general 
rules.  In  cases  where  the  load  is  comparatively  dense, 
a  carefully  designed  system  of  fuses,  so  placed  that  a 
section  of  the  secondaries  will  be  cut  out  in  case  of 
serious  trouble,  is  probably  the  best  method  of  pro- 
tection. In  residence  districts,  or  similar  territory, 
where  the  load  is  not  so  dense,  it  has  been  found 
preferable  in  Chicago  to  allow  each  transformer  to 
feed  its  own  secondary  without  interconnection  on  the 
secondary  side.  H.  B.  Gear, 

Chicago,  111. 

We  have  several  interconnected  secondaries  upon 
which  are  operated  different  numbers  of  transformers. 
We  have  no  protection  between  the  secondary  coils  of 
the  transformers  and  the  secondary  mains,  our  only 
protection  being  the  junction  fuse  on  the  primary  side, 
fused  for  150  per  cent  of  transformer  capacity.  From 
our  experience,  trouble  arises  so  seldom  as  not  to 
necessitate  other  protection.  E.  J.  Bechtel, 

Toledo,  O. 


DISCUSSION 

The  President  :  Does  any  gentleman  present 
wish  to  express  his  views  on  this  question  ? 

Mr.  Leonard  Andrews  (Hastings,  England) : 
This  is  a  question  in  which  I  have  taken  considerable 
interest.  In  our  system,  in  Hastings,  we  have  our 
low-tension  network  connected  together  and  it  is  fed 
by  transformer  sub-stations  at  various  points  in  the 
town.  We  have  found  that  it  is  useless  to  attempt 
to  put  fuses  in  any  position  in  the  low-tfension  net- 
work, as  a  failing  transformer  invariably  short-circuits 
the    network    without    blowing   the    fuse    between    that 
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and  the  network,  and  blows  a  number  of  fuses  in 
other  places,  often  cutting  off  the  supply  to  the  whole 
district. 

We  use  return-current  cut-outs  between  the  second- 
aries of  our  transformers  and  the  low-tension  network, 
that  is  to  say,  cut-outs  that  only  operate  when  a  trans- 
former ceases  to  supply  energy  from  the  network. 
We  have  all  of  our  transformers  equipped  in  this 
manner,  and  we  have  not  the  slightest  hesitation  in 
short-circuiting  either  the  primary  or  secondary  winding 
of  the  transformer  connected  to  the  network  at  any 
time,  as  the  automatic  return-current  cut-out  referred  to 
can  invariably  be  relied  upon  to  cut  out  the  faulty 
apparatus. 


31. — Is  it  not  Just  as  necessary  to  protect  long 
services  and  interconnected  secondaries  from  lightning 
as  it  is  necessary  to  protect  our  primaries  ? 


I  should  say,  yes.  F.  L.  Sargent, 

Maiden,  Mass. 

I  believe  that  it  is  necessary  to  give  better  pro- 
tection to  long  services  and  interconnected  secondaries 
than  to  primaries  of  equal  length,  otherwise  the  con- 
sumer's premises,  with  the  usual  low  insulation  from 
earth,  would  become  a  dangerous  lightning  arrester. 

W.  J.  Greene, 

Cedar  Rapids,  la. 

If  it  is  desirable  to  ground  the  secondaries,  no 
lightning  arresters  will  be  found  necessary,  particularly 
if  the  transformers  work  on  the  three-wire  system  with 
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the  neutral  grounded.  In  this  case  we  have  found 
that  no  static  discharge  sufficient  to  do  any  damage 
can  accumulate.  C.  R.  Maunsell, 

Topeka,  Kan. 

An  affirmative  answer  to  this  question  is  almost 
self-evident  if  the  following  considerations  are  remem- 
bered : 

The  location  and  length  of  the  line  being  fixed, 
the  chance  of  serious  increase  of  pressure  due  to  the 
lightning  discharges  is  equally  great  regardless  of  the 
working  pressure  to  which  the  line  is  subjected  in 
normal  service.  Secondary  lines  have  in  the  past 
usually  been  of  comparatively  limited  length  or  their 
location  has  been  protected,  and  for  this  reason  light- 
ning protection  of  secondary  lines  has  not  always 
been  found  essentia].  The  primary  lines,  on  the  other 
hand,  have  been  more  extended  and  in  more  exposed 
positions,  and  experience  has  shown  that  lightning 
protection  with  them  is  essential.  This  need  is  par- 
ticularly caused,  however,  by  the  length  and  exposure 
of  the  lines  and  is  not  indissolubly  linked  with  the 
higher  working  pressure  which  they  carry.  Cribbed 
or  interconnected  secondaries  of  great  length  have 
lately  come  into  general  use  with  better  alternating- 
current  plants,  and  such  secondaries,  when  overhead, 
require  protection  from  lightning  which  is  the  full 
equivalent  of  the  protection  of  primary  linea 

The  necessity  for  the  protection  of  the  secondaries 
is  sometimes  not  felt  so  acutely  as  is  the  necessity 
for  the  protection  of  the  primaries,  because  a  serious 
arc  due  to  the  dynamo  pressure  will  not  always  fol- 
low every  slight  injury  to  the  insulation  of  the  sec- 
ondary wiring  that  may  be  caused  by  lightning. 
Such    an    injury,     however,    will    almost    always    cause 
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trouble  ultimately,  and  will,  perhaps,  result  in  ultimate 
serious  damage.  The  possibility  can  be  avoided  only 
by  properly  protecting  extended  secondary  and  service 
wiring  from  the  effects  of  lightning. 

DuGALD  C.  Jackson, 

Madison,  Wis. 

We  have  no  lightning  arresters  on  our  intercon- 
nected secondaries  (our  longest  being  between  three 
and  four  miles  of  three-wire  mains),  and  have  had  no 
trouble  chargeable  to  this  cause  since  the  system  was 
started  in  1897.  We  have  not,  however,  decided  that 
this  is  the  proper  method,  and  should  like  to  hear 
from  others?  E.  J.  Bechtel, 

Toledo,  O. 

The  President  :  I  do  not  think  it  is  customary, 
as  a  rule,  to  protect  the  secondaries  from  lightning. 
Personally,  I  agree  with  Professor  Jackson,  that  it  is 
more  essential  to  protect  the  secondaries  than  the 
primaries. 


32. —  What  form  of  lightning  arrester  best  lends 
itself  to  use  upon  secondaries  ? 


This  question  is  more  difficult  to  answer  than  its 
predecessor;  but  assuming  the  secondary  to  be  carry- 
ing alternating  currents,  which  is  the  apparent 
intention  of  the  question,  I  think  it  is  safe  to  say 
that  the  lightning  arresters  should  be  one  of  the 
following  types: 

I.  Cylinder  non-arcing  type,  with  very  narrow  air 
gap  and  non-inductive  resistance  in  series  therewith. 
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2.  A  type  with  electromagnetic  arc  interrupter 
and  non-inductive  shunt  for  a  path  for  the  lightning 
around  the  electromagnetic  coil. 

3.  Perhaps  a  type  def)ending  upon  a  high  resist- 
ance leak,  like  the  Wurts  charred-wood  arrester. 

Either  of  those  types  properly  made  to  protect 
low-pressure  lines  ought  to  serve  the  purpose  admir* 
ably,  and  their  construction  admits  of  their  being 
placed  upon  the  pole  line  in  proper  boxes.  The 
manufacturers  ought  to  pay  more  attention  to  the 
requirements  to  be  met  in  this  service. 

DuGALD  C.  Jackson, 

Madison,  Wis. 


DISCUSSION 

Captain  Brophy  :  One  serious  difficulty  in  making 
lightning  arresters  efficient  when  the  transformer  is 
placed  on  poles  or  outside  of  buildings,  as  they  usually 
are,  is  the  matter  of  securing  a  good  ground  connec- 
tion at  all  times.  A  ground  wire  running  a  long  dis- 
tance on  a  building,  or  if  it  is  run  down  a  pole,  is  apt 
to  be  broken,  rendering  your  lightning  arrester  useless. 
So  long  as  transformers  are  thus  placed,  I  think  the 
lightning  arrester  will  be  rather  inefficient  and  unre- 
liable. Again,  it  would  be  very  difficult  to  get  a  good 
ground  at  the  bottom  of  the  pole.  The  only  reliable 
ground — which  is  not  really  a  ground — is  a  connection 
with  the  water  system  of  a  city.  There  you  get  what 
we  call  a  reliable  ground,  but  it  is  not  a  ground  at 
all.  Most  of  the  ground  wires  are  connected  to  plates 
buried  or  bars  driven  into  the  ground  at  the  bottom 
of  the  poles,  and  they  are  worthless  in  dry,  sandy  soil^ 
or  where  the  soil  rests  on  a  rock  bottom. 

Mr.  Gillette  :     Would   it   not   be   good   practice^ 
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in  running  a  ground  wire  for  lightning  arrester  through 
an  iron  pipe  that  is  to  act  as  a  protector  for  the  wire 
above  the  surface  of  the  ground,  to  make  a  connec- 
tion at  the  top,  where  the  wire  enters,  in  order  to 
avoid  the  choking  effect  a  long  piece  of  iron  pipe 
might  have  on  a  lightning  discharge? 

Captain  Brophy  :  It  would  be  far  better  to  use 
the  iron  pipe  as  the  conductor,  carrying  the  pipe  to 
the  transformer  and  connecting  the  ground  wire  to  the 
pipe.     It  is  not  necessary  to  use  wire  inside  the  pipe. 

The  President  :  If  you  were  going  to  use  copper 
wire,  you  would  advise  grounding  the  wire  at  the  top 
of  the  pipe? 

Captain  Brophy  :     Yes,  sir. 


33. —  Which  is  preferred  on  alternating-current 
systems  to  indicate  regulation :  A  system  of  pressure 
wires  or  a  compensating  voltmeter? 


A  compensating  voltmeter  for  long  distances  and 
pressure  wires  for  short  distances. 

W.   T.    OVIATT, 

Bridgeport,  Conn. 

In  our  Edison  three-wire  plants  we  have  had  ex- 
cellent results  from  the  use  of  pressure  wires,  which 
are  run  to  the  office  of  the  company,  situated  practi- 
cally at  the  centre  of  distribution,  and  there  connected 
at  will,  by  means  of  a  voltmeter  switch,  to  any  one 
of  the  various  feeder  ends.  As  it  is  customary  to 
regulate  the  central-station  voltage  according  to  some 
standard  feeder,  only  one  main  set  of  pressure  wires  is 
really    required,  and    the    plan    above    outlined    enables 
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one  to  test  the  voltage  at  feeder  ends  when  required 
for  comparison.  It  also  avoids  the  necessity  for 
occupying  valuable  space  on  the  main  pole  lines  with 
a  multitude  of  small  pressure  wires.  We  maintain  at 
the  central  office  a  pair  of  Bristol  recording  voltmeters 
connected  to  any  desired  set  of  pressure  wires.  The 
manager  examines  the  charts  every  morning  and  sends 
them  to  the  chief  engineer  or  station  superintendent, 
who  makes  such  notes  as  he  may  require  for  the  guid- 
ance of  the  switchboard  attendants.  This  plan  works 
admirably  in  practice,  our  regulation  being  good  and 
lamp  breakage  low  in  proportion  to  the  number  of 
lamps  connected.  H.  T.   Hartman, 

Philadelphia,  Pa. 

I  much  prefer  compensating  voltmeters  over  pres- 
sure wires  on  our  system,  as  our  system  is  entirely 
over  head  and  using  pressure  wires  necessarily  makes 
us  much  more  overhead  construction  to  maintain,  and 
causes  trouble  during  storms.  We  have  very  good 
regulation,  using  practically  the  same  method  as  com- 
pensating voltmeters.  F.  L.  Sargent, 

Maiden,  Mass. 

We  used  to  have  pressure  wires  on  every  feeder. 
Last  fall  we  installed  compensating  voltmeters,  doing 
away  with  the  pressure  wires,  and  they  answer  every 
purpose.     I  much    prefer  compensating  voltmeters. 

F.  Ellwood  Smith, 

Somerville,  Mass. 


We  unhesitatingly  favor  pressure  wires  in  place  of 
compensating  voltmeters,  although  we  are  aware  that 
the  makers  claim  they  will  compensate  for  any  ordinary 
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drop  on  lines.  We  have  these  in  use  upon  four  of 
our  circuits,  but  find  them  anything  but  satisfactory ; 
in  fact,  a  man  by  means  of  hand  regulation  can  come 
nearer  making  up  for  line  drop  by  guessing  than  he 
can  by  keeping  a  voltmeter  on  the  dot  and  relying 
upon  the  action  of  compensator. 

Chas.  H.  Peters, 

Durango,  Col. 

I  should  think  that  it  would  depend  upon  local 
conditions.  If  three-wire  secondaries  were  used  the 
three  pressure  wires  would  surely  give  satisfactory 
results,  provided  it  did  not  cost  too  much  to  erect 
and  maintain  the  pressure  wires.  If  the  pressure  wires 
were  tied  into  the  secondaries  some  distance  from  the 
transformer  they  would  indicate  the  load  balance  on 
the  secondary  of  the  transformer  in  many  cases. 
Compensating  voltmeters,  with  due  care  in  balancing 
the  load  on  three-wire  secondaries,  in  case  three-wire 
secondaries  were  used,  should  be  much  less  cumber- 
some and  in  most  cases  preferable. 

James  E.  Pyle, 

West  Chester,  Pa. 

In  alternating-current  distribution  systems,  compen- 
sating voltmeters  arranged  for  inductive  and  non- 
inductive  drop  are  preferable  to  a  system  of  pressure 
wires.  The  first  cost,  as  well  as  maintenance,  will  be 
less;  and  if  compensating  voltmeters  are  properly 
adjusted  better  results  will  be  obtained. 

P.    JUNKERSFELD, 

Chicago,  111. 

In  alternating-current  distribution,  compensating 
voltmeters    have    an    advantage     over     pressure    wires 
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returning  from  long  distances,  in  that  they  are  simpler, 
not  apt  to  be  out  of  order  when  wanted,  cost  less  for 
maintenance,  and  are  just  as  reliable  when  adjusted 
and  used  in  connection  with  systematic  tests  and 
inspections  at  the  consumer's  connection.  This  inspec- 
tion is  advisable  under  any  system. 

E.  J.  Bechtel, 

Toledo,  O. 

Pressure  wires  are  better  than  compensator,  in  that 
they  give  account  both  of  drop  on  primary  line  and 
also  of  drop  in  transformer  whether  the  power  factor 
is  high  or  low.  A  compensator  could  be  adjusted  to 
allow  for  transformer  drop,  provided  the  power  factor 
were  the  same  from  day  to  day.  On  the  other  hand, 
the  pressure  wires  are  liable  to  give  false  returns,  on 
account  of  induction  from  other  circuits.  With  care- 
ful adjustment,  I  should  expect  the  compensator  to  be 
less  troublesome.  George  D.  Shepardson, 

University  of  Minnesota. 


34. — Is  it  practical  to  use  three  pressure  wires  on 
a  three-wire  secondary  system? 


So  far  as  we  can  see,  there  would  be  no  objection 
to  using  three  pressure  wires  upon  a  three-wire  system, 
although  the  neutral   pressure  wire  seems   unnecessary. 

Chas.  H.  Peters, 

Durango,  Col. 

If   the  primary   feeders  are   short.     If    the   primary 

feeders  were  very  long  the  maintenance  of  the  pressure 

wires  would  be  expensive. 

James  E.   Pyle, 

West  Chester,  Pa, 
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I  should  say,  yes.       George  D.  Shepardson, 

University  of  Minnesota, 


35. — Is  it  practical  to  use  three  pressure  wires  on 
a  three-wire  secondary  system^  one  wire  being  a  com- 
mon neutral  for  all  pressure  wires  ? 


In  answer  to  this  question,  I  should  say  that  a 
system  of  pressure  wires  having  a  common  neutral 
would  not  indicate  the  pressure  at  the  different  parts 
of  the  system  so  well  as  separate  neutrals  would.  In 
case  of  a  bad  balance  oh  any  part  of  the  lighting 
system,  the  difference  of  potential  between  the  two 
outside  wires  could  remain  standard,  while  the  heavily 
loaded  side  would  be  low  and  the  lightly  loaded  side 
would  be  too  high.  James  E.  Pyle, 

West  Chester,  Pa. 

I  should  expect  unreliable  readings  if  one  circuit 
were  badly  out  of  balance. 

George  D.  Shepardson, 

University  of  Minnesota. 


36. — Are    twin     conductors    desirable  for    service 
wires  ? 


We  find  twin  cable  expensive,  but  invaluable  for 
services  on  front  of  buildings,  and  appreciated  by 
customers.  Edward  Slade, 

Quebec,  P.  Q. 

I  am  of  the  opinion,  gained  from  the  use  of  them, 
that   they  are  not.       I    have    put    in    for   house-service 
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wires  an  iron  pipe  or  tube  running  from  the  pole  in 
the  street  in  through  the  cellar  wall.  Into  this  pipe 
I  have  drawn  twin,  rubber-covered,  solid  conductors 
with  heavy  outside  braid.  Faults  have  occurred,  and 
one  of  the  conductors  has  become  grounded  in  the 
pipe,  necessitating  the  withdrawal  of  the  twin,  and  it 
is  not  a  good  job  to  cut  the  twin  apart,  insulate  the 
break,  and*  draw  the  twin  in  again  with  the  bunch  on 
it  where  the  repair  is  made.  I  have  used  some  twin 
lead-covered  cable,  built  for  3,000  volts  and  used  on 
2,200.  This  twin  was  used  in  an  iron  tube  in  the 
usual  manner,  but  broke  down  inside  of  one  year's 
service,  with  the  consequent  loss  of  this  section  of 
twin  conductor.  To  my  mind,  it  is  far  better  to  use 
single  conductor,  and  a  faulty  one  may  easily  be 
withdrawn  and  a  new  one  substituted.  The  faulty 
one  may  then  be  repaired  much  better,  and  the  more 
readily,  as  a  single  conductor  than  as  a  part  of  twin 
conductor.  Welles  E.  Holmes, 

Newton,  Mass. 


DISCUSSION 

The  President  :  I  think  that  question  was  asked 
regarding  low-pressure  secondary  service  wires,  and  I 
take  it  that  Mr.  Holmes  is  speaking  altogether  of 
primary  service  wires. 

Mr.  Holmes  :  In  the  first  case  I  spoke  of  the 
104-volt  distribution,  but  in  the  second  case  I  referred 
to  the  lead  cable  of  the  primary  distribution,  and 
covering  both  forms. 

Captain  Brophy  :  Secondary  twin  wires  should 
be  carried  inside.  The  great  advantage  would  be  in 
having  the  insulation  between  the  wires  much  lower 
than  the  insulation    between    the    pipe   and   the  insula- 
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tion  covering  outside  of  the  two  wires.  Ninety-nine 
per  cent  of  the  fires  due  to  electricity  are  due  to 
series  arc,  or  arcing  between  the  wires  or  arcing  at 
the  connections.  I  have  taken  wires  covered  with  the 
most  inflammable  material — cotton  braid  filled  with 
paraffin — and  brought  them  up  to  the  melting  point 
without  being  able  to  get  a  blaze  from  that  materia! 
while  with  an  arc  established  at  one  end  it  will  surely 
take  fire.  We  are  not  afraid  of  short  circuits,  so  far 
as  fires  are  concerned,  because  your  fuses  will  take  care 
of  that  by  opening  the  circuit.  If  you  can  bring 
your  wires  nearly  together  your  fuses  will  act.  There 
is  a  great  advantage  in  using  the  twin  wire  if  you  can 
make  it  right ;  but  thtj  insulation  between  the  two 
wires  should  be  much  less  than  the  insulation  between 
the  pipe  of  the  wire,  for  that  reason. 


37. —  What  are  the  relative  advantages  of  indue- 
tion-type  meters  and  commntator-type  meters? 

The  induction  has  the  same  advantao^e  over  the 
commutator  meter  that  the  induction  motor  has  over 
the  commutator  motor,  in  that  there  are  no  brushes 
to  spark,  wear  the  commutator,  or  get  out  of  place. 
This  is  a  decided  advantage  where  there  is  any  dirt 
getting  inside  the  case.  The  induction  meters  are 
easier  to  clean  and  to  repair  and  the  repair  parts  are 
cheaper,  as  with  this  meter  there  is  no  armature  or 
expensive  commutator  and  brushes. 

J.  E.  Barker, 

El  Paso,  Tex. 

Induction    meters    are    better,    for    there    are    few 
chances   of   the    meter   going   dead,   and    they    can    be 
42 
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made   just    as   accurate ;   also   from    the   fact   that   the 
moving  parts  are  lighter.  E.  H.  Jenkins, 

San  Antonio,  Tex. 


The  commutator-type  meter,  when  properly  com- 
pensated, registers  with  commercial  accuracy  equally 
well  on  both  direct   and  alternating-current   circuits   of 

m 

the  usual  frequency,  and  also  on  inductive  and  non- 
inductive  loads.  This  interchangeability  is  often  of 
great  service  where  station  has  both  direct  and  alter- 
nating current. 

The  chief  disadvantages  of  this  meter  are  due  to 
commutator' and  brush  troubles,  and  also  to  the  trouble 
with  jewels  incident  to  the  relatively  heavy  rotating 
parts.  Recent  improvements,  however,  have  tended 
greatly  to  reduce  these  disadvantages. 

The  chief  disadvantages  of  the  induction-type 
meter  are  that  it  is  applicable  to  alternating  currents 
only,  and  must  be  adjusted  to  any  large  difference  in 
frequency. 

Its  general  advantages  over  the  commutator  meter 
are  as  follows : 

1.  Absence  of  commutator  and  brush  trouble. 

2.  Reduced  jewel  troubles,  due  to  lightness  of 
moving   parts. 

3.  Saving  in  shunt  losses;  the  losses  being  one- 
third  or  less  that  of  commutator  meters. 

4.  Can  usually  be  tested  more   easily  and  quickly. 

5.  Requires  less  repairs,  and  the  cost  of  repair 
parts  is  less. 

6.  Is  more  sensitive  on  light  loads. 

7.  Remains  in  calibration  longer. 

We  use  the  commutator-type  meter  on  all  direct- 
current  circuits,  and    are    now  installing   the  induction- 
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type  meter  on  all  alternating-current  circuits.  We 
have  recently  replaced  all  commutator  type  of  switch- 
board meters  with  the  induction  type. 

George  Ross  Green, 

Philadelphia,  Pa. 


The  conditions  under  which  a  meter  is  used  are  so 
variable  that  neither  the  commutating  type  nor  the 
induction  type  can  be  considered  a  superior  meter  for 
all  conditions  of  service.  The  one  principal  objection 
that  can  be  urged  against  the  commutating  meter  lies 
in  the  commutator  itself. 

It  must  be  recognized  that  when  first  installed, 
with  the  commutator  clean  and  the  meter  so  adjusted 
that  it  does  not  creep,  the  accuracy  on  light  loads  will 
continually  diminish  for  the  first  two  months.  At  the 
end  of  that  period,  if  the  meter  is  visited  and  cor- 
rected (not  by  cleaning  the  commutator,  which  should 
be  left  in  its  tarnished  and  constant  condition,  but  by 
moving  in  the  adjustable  shunt),  it  is  not  expected 
that  furtlier  deterioration  will  occur.  This  has  been 
the  experience  of  at  least  two  of  the  large  users  of 
commutating   meters. 

In  those  stations  where  the  meters  can  receive  but 
little  attention,  and  where  this  inspection  and  adjust- 
ment can  not  be  made,  it  is  probable  that  greater 
revenue  will  result  from  the  use  of  induction  meters. 
The  objections  to  the  use  of  induction  meters,  on  the 
other  hand,  are  considerably  more  numerous : 

(i)  The  theoretical  law  of  the  meter  is  such  that 
the  curve  will  not  approximate  a  straight-line  law  as 
closely  as  will  a  meter  of  the  commutating  type, 
although  from  light  loads  to  considerable  overloads 
this  curve  can  be  held  reasonably    straight  by  a  proper 
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proportioning  of  parts,  and  is  so  held  in  several  of  the 
prominent  makes  of  induction  meters. 

(2)  Induction  meters  are  particularly  susceptible 
to  changes  in  wave  form,  which  is  not  true  of  the 
commutating  type. 

(3)  In  those  plants  where  both  alternating  current 
and  direct  current  are  used,  or  where  currents  of  two 
frequencies  are  used,  the  interchangeability  of  the 
commutating  meter  from  one  circuit  to  another  is  a 
matter  of  considerable  importance.  Induction  meters 
can  not  be  so  interchanged. 

(4)  There  is  unquestionably  an  aging  of  an  induc- 
tion meter,  which  ultimately  affects  its  light-load 
accuracy  and  may  be  compared  to  the  aging  of  the 
commutator.  This  is  due  to  aging  in  the  iron  used  in 
the  construction  of  the  meter,  and  it  is  impossible  to 
say  to  what  extent  trouble  due  to  creeping  may  be 
introduced. 

(5)  The  induction  meter  must  be  looked  upon  as 
a  device  not  thoroughly  established,  and  subject  to 
considerable  change  from  year  to  year.  I  do  not 
believe  there  is  a]  [single  company  in  this  country  that 
has  not  materially  changed  its  design  of  induction 
meter  at  least  once  'or  twice.  On  the  other  hand,  the 
early  commutating  meters,  which  have  been  used  for 
twice  the  period  of  the  oldest  induction  meter,  can  be 
made  comparable  with  the  modern  meter  by  the  addi- 
tion of  an  adjustable  shunt ;  an  indication  that  the 
condition  of  manufacture  has  become  reasonably 
constant. 

(6)  And  most  important.  Induction  meters  as  a 
class  may  be  designated  as  **  low-torque  meters,"  and 
as  such  are  liable  to  greater  changes  in  accuracy,  due 
to  an  equal  change  in  the  friction  of  the  running 
parts.     If  the  total  torque  on  a  meter  shaft  is  directly 
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proportional  to  speed,  it  can  be  shown  that  the  meter 
is  mathematically  accurate  for  all  conditions  of  load. 
The  principal  torque  of  a  meter  is  proportional  to  the 
energy  in  the  circuit,  and  the  principal  drag  {z.  e,,  the 
Foucault  current  drag)  is  proportional  to  the  speed. 

All  meters  have  some  friction  which  must  be  com- 
pensated for,  and  this  friction  is  the  disturbing  element 
that  introduces  inaccuracies  after  long  periods  of  use. 
It  is  not  so  necessary  to  have  friction  extremely  small 
as  it  is  to  have  friction  variation  small.  I  am  very 
much  inclined  to  the  belief  that  a  discussion  of  the 
relative  merits  of  induction  and  commutating  meters 
will  of  necessity  centre  on  a  discussion  of  torque. 

Frank  Cox, 

Schenectady,  N.  Y. 

Advantages  of  induction-type  meters  for  alternating 
current  are : 

First — ^They  are  more  accurate  on  light  load. 

Second — Accurate  on  inductive  loads. 

Third — Have  lighter  moving  parts  and  conse- 
quently less  wear  on  jewels. 

Fourth — Have  no  increasing  friction  due  to  brush 
contacts. 

Commutator  meters  have  the  advantage  of  strong 
torque.  O.  J.   Bushnell, 

Chicago,   111. 

The  advantages  of  commutator-type  meters  are : 
First — Independent  of  frequency. 
Second — Greater  torque. 

Third — They  can  be  used  on  either  direct  or 
alternating-current  circuits. 

Advantages  of  induction-type  meters  are : 
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First — ^As  many  makes  are  at  present  constructed, 
they  are  dust-proof. 

Second — Greater  accuracy  on  light  loads,  both  when 
new,  and  after  use. 

Third — No  commutator  to  cause  friction  and  in- 
accuracy, especially  after  deterioration  by  use. 

Fourth — Will  not  creep. 

Fifth — In  one  type  now  manufactured  there  is  no 
jewel  bearing  to  cause  inaccuracy  and  change  in  the 
accuracy  curve  by  deterioration. 

Sixth — As  a  result  of  the  above :  Less  cost  of 
maintenance,  greater  revenue  to  the  company,  and  less 
doubt  on  the  part  of  the  consumer.  On  the  whole, 
we  think  that  after  one  year's  use  the  induction  meter 
will  show  far  better  results  than  the  commutator  meter 
on  every  point  except  those  noted,  and  these  are  of 
small  importance  when  compared  with  the  induction 
meter  as  manufactured  to-day. 

J.  H.  Perkins, 

Youngstown,  O. 

From  a  single-phase,  alternating-current  light  and 
500-volt,  direct-current  power  central-station  experience 
in  the  handling  of  both  induction  and  commutator 
meters,  the  following  five  comparative  values  of  both 
types  of  meters  are  drawn  : 

Handling — In  the  handling  of  meters  we  find  favor 
given  the  induction  type,  its  portable  character  en- 
abling more  rapid  handling  through  meter  department 
to  point  of  installation,  and  vice  versa. 

Installing — The  installing  of  meters  gives  favor  to 
the  induction  type,  owing  to  less  care  and  judgment 
required  in  their  placing  and  connecting  up. 

Accuracy  of  Registering — The  percentage  of  fast 
and  slow  meters  is  higher  per  year  in  the  commutator 
type. 
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Repairs — In  the  item  of  yearly  cost  of  repairs  to 
meters,  the  semi-yearly  inspection  and  cleaning  of  the 
commutator  of  the  meter  bring  this  cost  higher  than 
that  of  the  induction  type. 

Constant  Power  Losses — ^The  constant  power  loss 
in  the  commutator  type  is  higher  than  that  of  the 
induction  type.  Anonymous. 


38. —  What  general  rules  should  be  laid  down  for 
locating  a  meter  on  the  consumer's  premises  ? 

A  clean,  dry  place,  not  exposed  to  vibration  or 
sudden  jars,  not  more  than  eight  feet  oi  less  than 
four  feet  from  the  floor;  protected  by  fuses;  service 
switch  to  be  between  meter  and  lights  so  that  meter 
resistance  coil  will  have  current  at  all  times  current  is 
on  the  line.  W.  T.  Oviatt, 

Bridgeport,  Conn. 

A  meter  should,  if  possible,  be  located  on  the 
lower  floor  of  a  building,  and  in  a  position  accessible 
at  all  reasonable  times  for  reading  and  testing.  Avoid, 
if  possible,  small  closets,  bath  rooms,  kitchens,  and 
damp,  dusty  places.  The  meter  should  never  be 
installed  on  door  jams,  wooden  partitions  having 
doors,  or  on  any  supports  liable  to  unusual  vibration. 
The  meter  should  be  placed  about  six  feet  above  the 
floor,  and  sufficient  room  left  above  and  below  it  for 
removing  the  cover  and  jewel.  Too  much  attention 
can  not  be  exercised  in  deciding  on  the  proper 
location  of  the  meter,  as  very  frequently  the  loss  of 
time  when  testing  or  reading,  due  to  improper 
location,  becomes  a  serious  matter. 

George  Ross  Green, 

Philadelphia,  Pa. 
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Meters  should  be  located  in  a  clean,  dry  place,  not 
subject  to  extremes  of  temperature,  and  free  from 
vibrations.  They  should  be  easily  accessible,  not  over 
six  feet  from  the  floor.  When  placed  at  service,  the 
meter  should  be  on  house  side  of  service  switch,  so 
that  the  current  can  easily  be  cut  off  from  it. 

O.    J.     BUSHNELL, 

Chicago,   111. 


39. —  What   are   the    relative  advantages   of  index 
meter  dials  and  direct-reading  dials  f 


One  of  the  greatest  advantages  is  that  the  latter 
lessens  the  clerical  work.  F.  L.  Sargent, 

Maiden,  Mass. 

In  direct-reading  dial  there  is  less  liability  to  mis- 
takes in  reading.  The  consumer  can  read  his  own 
meter,  and  thus  a  great  many  disputes  as  to  bills 
may  be  avoided.  W.  T.  Oviatt, 

Bridgeport,  Conn. 

The  chief  disadvantage  of  the  direct-reading  counter 
thus  far  placed  on  the  market,  is  due  to  the  liability 
of  the  cylinders  to  ■  stick  and  thus  prevent  the  meter 
from  registering.  But  for  this  trouble,  the  direct- 
reading  counter  is.  preferable  to  the  index  dial.  As, 
however,  the  index  dial  is  less  liable  to  stick,  it  is 
generally  preferred.  George  Ross  Green, 

Philadelphia,  Pa. 

Direct-reading  dials  have  caused  more  trouble  than 
index-meter  dials.     They   are   unsatisfactory,  and    have 
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been  given  a  thorough  trial  by  both  gas  and  water 
companies  and  have  been  abandoned.  A  good  meter 
reader  should  not  make  more  than  one  mistake  to 
every  thousand  meters  read  when  reading  index-meter 
dials.  If  your  errors  exceed  this  figure,  your  men  are 
careless  and  need  disciplining.  Anonymous. 


The  direct-reading  dial  is  very  hard  to  read  if 
several  of  the  figures  are  partly  turned,  and  experience 
with  both  kinds  has  led  us  to  prefer  the  index  style, 
as  it  can  be  read  with  more  certainty  under  any  cir- 
cumstances. O.  J.    BUSHNELL, 

Chicago,   111. 


Technically,  a  direct-reading  meter  dial  is  a  dial 
that  reads  without  a  constant.  The  advantage  of  a 
direct-reading  dial  under  this  definition  is  obvious, 
since  it  obviates  the  necessity  for  multiplying  the  read- 
ing of  the  dial  to  obtain  the  billing  amount.  This  is 
a  great  advantage,  achieved  only  with  some  difficulty, 
but  it  now  characterizes  the  whole  of  our  production. 
It  is  so  important  and  desirable  that  we  have  striven 
for  two  years  to  achieve  it  without  introducing 
mechanical  defects.  I  think,  however,  that  the  ques- 
tion does  not  relate  literally  to  direct-reading  dials, 
but    rather    to    the    cyclometer    type    of    disappearing- 

figure  dials.  The  direct-reading  index  dial  is  distinctly 
preferable  to  the  cyclometer-type  dial,  for  mechanical 
reasons.  The  cyclometer-type  dial  has  been  extensively 
manufactured  by  several  makers,  but  has  practically 
been  universally  abandoned,  as  it  has  been  found  to 
introduce  serious  mechanical  friction  after  a  period  of 
use,  and  to  affect  the  accuracy  of  the  meter  materially 
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in  sustained  service.     This   has  been  the  experience  of 
all  large  companies  that  have  used  it  extensively. 

Carvi,  D.  Haskins, 

Boston,  Mass. 


40. — Is  it  fioi  desirable  to  do  away  with  all  con- 
stants on  meters,  even  though  we  must  pay  mare  for 
the  meters? 

It  is  desirable.  W.  T.  Oviatt, 

Bridgeport,  Conn. 

Yes.  F.  L.  Sargent, 

Maiden,  Mass. 

Yes ;  I  will  not  purchase  a  meter  with  a  constant 
if  it  can  be  avoided.  W.  J.  Greene, 

Cedar  Rapids,  la. 

It  is  extremely  desirable  to  eliminate  all  constants 
on  meters,  and  this  is  possible  without  increasing  the 
cost  of  the  meter.  One  manufacturer  has  succeeded 
in  supplying  two-wire,  220-volt  meters  of  40  amperes 
and  without  constants;  each  division  pf  the  first  dial 
being  equivalent  to  100  watt-hours.  These  sizes  will 
embrace  over  90  per  cent  of  all  the  meters  in  service. 
On  sizes  larger  than  the  above,  each  division  of  the 
first  dial  is  1,000  watts.  There  is  thus  introduced  a 
constant  of  10  in  the  dial  itself,  without  the  said  con- 
stant being  printed  on  the  dial  face.  This  arrange- 
ment has  been  objected  to  by  many  companies  on 
account  of  the  liability  of  the  bill  computer's  mistaking 
the  latter  dial  for  the  former  and  rendering  a  bill  one- 
tenth    of   the   correct   amount.     This,    however,    should 
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be  readily  detected,  and  the  trouble  can  be  obviated 
by  the  use  of  a  constant  10  placed  by  the  bill  com- 
puter on  his  record  sheet,  if  necessary. 

George  Ross  Green, 

Philadelphia,  Pa, 

Constants   on    meters  cause   more  trouble  than   al- 
most any  other  feature  in  the  collection  department  of 
'  a  central  station,  and  they  should  be  eliminated. 

Anonymous. 

It  is  unquestionably  desirable  to  do  away  with  con- 
stants on  meter  dials,  but  this  should  not  be  done  as 
it  has  been  in  some  makes  of  meters,  by  changing  the 
value  of  the  dials  in  the  larger-sized  meters,  which  is 
almost  sure  to  result  in  confusion  and  in  some  cases 
consequent  loss  to  the  company.  It  is  better  to  have 
constants  than  to  change  the  value  of  the  dials.  In 
the  larger  sizes  of  meters,  doing  away  with  the  con- 
stants would  necessitate  the  addition  of  higher  dials, 
but  this  could  be  accomplished  without  much  extra 
expense.  O.  J.  Bushnell, 

Chicago,  111. 

By  all  means;  the  figures  on  the  lowest-reading 
dial  to  read  in  kw-hours  for  all  sizes.  The  result  of 
these  changes  will  be :  Less  chance  for  error ;  univer- 
sal understanding  of  the  meter  system  throughout  the 
operating  force,  from  the  meterman  to  the  cashier,  and 
the  removal  of  a  great  deal  of  doubt  from  the  minds 
of  consumers.  J.   H.  Perkins, 

Youngstown,  O. 

It  certamly  is  desirable  to  do  away  with  all  con- 
stants except  what   may  be  termed  decimal   constants; 
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that  is,  constants  that  only  involve  adding  a  cipher  or 
two  to  the  reading  for  very  large-sized  meters.  It  is 
scarcely  feasible,  for  mechanical  reasons,  to  do  away 
literally  with  all  constants  on  very  large  meters,  be- 
cause the  gear  ratio  between  the  dial  and  the  meter 
will  be  such  as  to  menace  the  accuracy  of  the  meter. 
With  the  exception  of  the  so-called  decimal  constants, 
however,  constants  can  be  eliminated  and  have  been 
in  our  production,  and  this  without  taxing  the  pur- 
chaser for  the  change.  Caryl  D.  Haskins, 

Boston,  Mass. 


41. —  Which  method  of  heating  is  more  remtiyier- 
ative  and  practical  for  central  statiofis ;  steam  or  hot 
water  ? 

Under  many  of  the  conditions  usually  found  in  the 
middle  Western  States,  hot  water  heating  would  be 
preferable  to  steam  heating,  as  the  necessary  range  of 
temperature,  and  hence  the  heat  losses  for  the  oper- 
ating  system,  would  be  considerably  less.  There  may 
be  conditions,  however,  where  the  interest  and  depre- 
ciation on  the  investment  necessary  to  circulate  hot 
water  properly  would  offset  the  heat  losses. 

P.    JUNKERSFELD, 

Chicago,  111. 


42* — What    conditions    determifte    the    wisdom    of 
ha7id  stoki7ig  versjis  mechanical  stoking? 


The  conditions  that  determine  the  choice  between 
hand  and  mechanical  stoking  are  so  varied  that  in 
deciding  the  question  for  any  particular  case  we  should 
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consider:  Diflference  in  cost  of  labor,  difference  in 
fixed  charges,  difference  in  efficiency  and  price  of  fuel, 
also  labor  troubles  and  smoke  nuisance. 

Let  us  assume  a  boiler  plant  of  four  boilers  run- 
ning lo  hours  a  day,  300  days  a  year,  and  burning 
one  ton  of  coal  an  hour  each,  which  amount  of  coal 
could  be  fired  by  hand  at  a  cost  of  20  cents  per  ton. 
Let  us  assume  that  to  equip  each  of  these  boilers 
with  a  stoker  would  cost  $2,500  more  than  with  a 
plain  grate,  and  that  the  fixed  charges  would  be  : 

Interest 5  per  cent 

Depreciation 8  per  cent 

Repairs 5  per  cent 

18  per  cent 

This,  for  each  stoker,  amounts  to  $450,  or  $1.50 
per  day  for  300  days,  and  in  burning  10  tons 
of  coal  per  day  the  expense  for  fixed  charges  would 
be  15  cents  per  ton.  If  one  man  at  20  cents  per 
hour  will  attend  to  four  stokers,  the  cost  for  labor  and 
fixed  charges  will  be  20  cents  per  ton  or  just  equal 
to  the  cost  of  hand  firing.  We  therefore  conclude 
that,  under  the  conditions  assumed,  the  preference  as 
regards  labor  and  fixed  charges,  with  the  one  system 
or  the  other,  depends  upon  whether  the  amount  of 
coal  burned  is  greater  or  less  than  40  tons  per  day. 

If  coal  costs  $1.00  per  ton,  and  if  mechanical  stoking 
is  10  per  cent  more  efficient  than  hand  stoking,  then  in 
a  plant  of  two  boilers  burning  10  tons  each,  the  cost 
per  ton  for  the  two  systems  will  be  : 

Mechanical  Stoking  Hand  Stoking 

Labor 10  Labor 20 

Fixed  charges 15  Fuel  wasted 10 

Total. 25  Total 30 
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If  coal  costs  $2.cxD  per  ton,  the  relative  costs  with 
one  boiler  will  be : 

Mechanical  Stoking  Hand  Stoking 

Labor 20  Labor 20 

Fixed  charges 15  Fuel  wasted 20 

Total 35  Total 40 

This  means  that  under  the  assumed  conditions  of 
fixed  charges,  labor  and  economy,  and  running  10 
hours  a  day,  stokers  are  preferable  when  they  are  10 
per  cent  more  efficient  than  hand  firing  if  coal  costs 
$1.00  a  ton  and  20  tons  are  burned,  or  if  coal  costs 
$2.00  a  ton  and  only  10  tons  are  burned. 

Other  figures  might  be  deduced  in  the  same  way 
by  assuming  that  stokers  are  in  use  more  or  less  than 
ID  hours  a  day  and  that  the  diflference  in  economy  is 
more  or  less  than  10  per  cent.  Aside  from  the  possi- 
bility of  saving  money,  there  are  often  other  con- 
siderations that  enter  into  the  case.  A  boiler-room 
employing  a  large  amount  of  ignorant  labor  is  an 
attractive  proposition  for  the  labor  agitator.  It  is 
also  impossible  in  such  a  boiler-room  to  prevent 
smoke  when  bituminous  coal  is  being  fired  by  hand. 
It  is,  however,  possible  to  install  automatic  stokers, 
which  will  neither  strike  nor  smoke. 

W.  L.  Abbott, 

Chicago,  111. 

We  have  heretofore  used  hand-fired  furnaces,  sup- 
posed to  be  of  the  smokeless  type,  but  are  at  present 
installing  chain-grate  stokers  under  all  boilers  in  our 
station.  We  find  that  they  are  more  efficient  and 
they  do  not  compel  us  to  depend  upon  the  disposition 
of    the  firemen    for   economical   results.     We  find  that 
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we  can  get  more  capacity  from  our  boilers,  without 
greater  strain,  presumably  on  account  of  the  heat  in 
the  furnace  being  constant.  The  fire  is  perhaps  not 
so  sensitive  to  sudden  changes  of  load,  but  we  have 
found  it  sensitive  enough  to  meet  all  conditions. 
With  these  stokers  we  find  less  unconsumed  carbon 
in  the  ash  than  with  hand  firing,  and  much  less 
smoke.  It  is  not  possible  to  use  this  form  of  stoker 
with  all  grades  of  coal,  but  we  find  it  desirable  with 
all  coal  obtainable  in  Toledo. 

E.  J.   Bechtel, 

Toledo,  O. 


43. — Is   it  desirable  to  shorten   the  hours  of  fire- 
men to  increase  their  efficiency  ? 


In  large  plants  an  eight-hour  shift  of  firemen  is 
good  practice ;  but  in  smaller  plants,  where  there  are 
two  shifts,  of  course  the  added  expense  of  another 
man  or  set  of  men  generally  means  much  more  ex- 
pense, with  no  better  results  so  far  as  firing  is  con- 
cerned. It  is  sometimes  beneficial  in  such  cases  to 
have  two  lo-hour  shifts  and  one  four-hour  shift; 
then  two  firemen  are  in  the  room  together  for  six 
hours  a  day,  giving  opportunity  for  doing  much  work 
that  could  not  otherwise  be  attended  to  properly. 

R.  J.  Patterson, 

Waterville,  Me. 

Shorter  hours  are  advisable  when  the  work  is  con- 
tinuous and  heavy,  as  mortal  man  can  stand  only  so 
much.  E.  H.  Jenkins, 

San  Antonio,  Tex. 
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The  expense  of  a  fireman  is  more  in  the  cost  of 
the  fuel  that  he  wastes  than  in  the  wages  that  he 
receives.  The  fireman  doing  an  ordinary  day's  work 
will  burn,  say,  eight  tons  of  coal  worth  $2.00  per  ton, 
amounting  to  $16;  he  will  be  paid  $2.00  a  day  for  his 
work.  The  boiler  efficiency  in  an  ordinary  hand-fired 
plant  does  not  average  over  50  per  cent,  whereas  on 
test  conditions  the  same  fireman  will  sometimes  get 
an  efficiency  as  high  as  75  per  cent — an  improvement 
of  50  per  cent  over  his  ordinary  work  ;  and  this  50 
per  cent,  if  it  could  be  maintained,  would  amount  to 
$5.33  per  day. 

It  is  not  to  be  expected  that  the  very  best  resirtts 
will  be  obtained  day  in  and  day  out,  but  if  the  fire- 
man were  given  less  work  to  do,  shorter  hours  and  a 
rest  in  the  middle  of  his  shift,  his  work  would  be 
materially  improved ;  and  while  it  might  be  necessary 
in  some  cases  to  add  one  or  two  men  to  the  payroll, 
the  saving  on  the  coal  account  would  more  than  offset 

this  additional  expense. 

W.  L.  Abbott, 

Chicago,   111. 


It  is  advisable  to  work  firemen  on  hand-firing  fur- 
naces eight  hours  in  preference  to  twelve,  especially  in 
summer-time,  as  so  much  depends  upon  the  fireman's 
condition  and  disposition.  The  fireman  is  in  a  position 
to  waste  or  save  a  great  deal  of  coal.  We  have  made 
this  change,  but  can  give  no  figures  to  verify  our 
opinion.  The  work  of  the  firemen,  however,  as  well 
as  the  condition  of  their  fires,  speaks  well  for  it. 

E.  J.   Bechtel, 

Toledo,  O. 
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44. — Are    steam    turbines    desirable    for    central- 
station   work  ? 


Responding  to  your  urgent  invitation,  and  for  the 
benefit  of  the  twenty-fifth  convention  of  the  National 
Electric  Light  Association,  I  submit  you  some  prac- 
tical information  relative  to  the  operation  of  the  turbo- 
generator outfit  installed  at  the  works  of  our  company 
in  Hertford. 

This  turbine  is  the  largest  ever  built  in  one  in- 
tegral part.  It  is  direct-connected  to  a  revolving-field 
generator,  rated  by  the  manufacturers  at  1,500  kilo- 
watts ;  the  same  occupying  a  floor  space,  over  all, 
33  feet  3  inches  in  length,  8  feet  9  inches  in  width, 
and  weighing  175,000  pounds. 

•The  machine  runs  smoothly  and  requires  no  founda- 
tion bolts.  The  foundation  for  the  same  is  compara- 
tively inexpensive,  requiring  in  this  case  32  cubic  feet 
of  concrete  and  costing,  complete,  about  $300.  In 
this  particular  case  more  concrete  was  required  than 
would  be  ordinarily  used,  owing  to  the  fact  that  the 
foundation  stands  on  made  ground. 

The  turbine  is  equipped  with  two  bearings,  one  at 
each  end,  running  in  a  bath  of  oil.  This  oil  is  arti- 
ficially cooled  by  forced  circulation  through  coils  of 
pipe  submerged  in  water,  which  is  afterward  used  for 
the  feed  for  the  boilers. 

The  speed  of  the  turbine  is  1,200  r.p.m.,  and  it 
contains  approximately  31,000  blades,  about  16,000  of 
which  are  moving  blades  varying  in  length  from  one 
and  three-fourth  inches  at  the  high-pressure  end  to 
eight  inches  below,  at  the  low-pressure  end.  The 
diameter  of  the  spindle  at  the  high-pressure  end  is 
two    feet ;    at    the    low-pressure    end,    seven    feet    two 
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inches.  With  this  design  it  admits  of  the  full  ex- 
pansion of  the  steam.  The  full  boiler  pressure  is 
admitted  to  the  turbine  in  puffs  at  regular  intervals, 
regardless  of  load.  The  puffs  are  either  of  long  or 
short  duration,  varying  with  the  variation  of  the  load. 
At  full  load  the  puffs  merge  into  an  almost  con- 
tinuous blast.  There  is  no  variation  of  angular 
volocity  which  necessarily  exists  in  reciprocating 
engines;  consequently,  the  turbine  runs  very  smoothly 
in  parallel  with  generators  driven  by  our  water  wheels. 
As  there  are  no  rubbing  surfaces,  no  internal  lubrica- 
tion is  required ;  it  therefore  allows  the  use  of  a  high 
degree  of  superheat. 

This  turbine  has  been  running  but  very  little ; 
only  for  the  purpose  of  making  tests  to  satisfy  us  as 
to  its  reliability,  efficiency,  etc.;  we  having  had  abun- 
dance of  water  power  to  operate  our  station  for. the 
past  year. 

A  test  made  recently  by  our  electrical  engineer. 
Professor  W.  L.  Robb,  under  the  usual  working  con- 
ditions, gave  the  following  results : 

Consumption  of  steam,  quarter  load,  28  pounds 
per  kw-hour;  coal,   2.7  pounds  per  kw-hour. 

Consumption  of  steam,  half  load,  23  pounds  per 
kw-hour;  coal,  2.1   pounds  per  kw-hour. 

Consumption  of  steam,  three-quarter  load,  20.3 
pounds  per  kw-hour;  coal,   1.9  pounds  per  kw-hour. 

Consumption  of  steam,  full  load,  19.1  pounds  per 
kw-hour;  coal,   1.7  pounds  per  kw-hour. 

The  average  vacuum  during  the  test  was  27  inches. 

The  average  superheat  during  the  test  was  30 
degrees  Fahrenheit. 

The  average  steam  pressure,   155  pounds. 

Comparing  these  figures  with  an  indicated  horse- 
power of  a  reciprocating  engine  with  a  direct-con- 
nected generator   of   the  same  capacity,  we  figure  that 
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the  coal  consumption  would  be  approximately  as  follows: 

Quarter   load,    1.77;    half  load,    1.33;    three-quarter 
load,   1.25;  full,  load,   1.12. 

This  test  was  made  with  no  special  firing  (using 
Maryland  bituminous  coal),  and  under  normal  working 
conditions ;  it  was  therefore  against  rather  than  in 
favor  of  the  good  showing  of  the  turbine,  owing  to 
the  small  leakages  that  invariably  exist  in  a  power 
plant  of  this  capacity.  This  outfit,  being  rated  at 
1,500  kilowatts,  will  safely  run  2,000  kilowatts  con- 
tinuously, as  we  have  demonstrated  in  the  time  we 
have  had  the  turbine  in  operation. 

The  supply  of  steam  for  this  test  was  furnished  by 
two  Aultman  and  Taylor  boilers,  one  of  which  is 
equipped  with  a  superheater  designed  to  superheat  the 
5team  90  degrees  Fahrenheit ;  this  was  mixed  with 
saturated  steam  and  the  above  results  were  obtained. 

When  this  turbine  was  shipped  to  us  from  the 
Westinghouse  Machine  Company,  it  had  never  been 
run  on  a  vacuum  or  with  superheated  steam;  there- 
fore, when  it  was  installed  in  Hartford  and  started 
under  the  present  conditions,  it  was  found  necessary 
to  adjust  the  position  of  the  blades  to  balance  the 
thrust,  and  to  make  other  minor  changes  suited  to 
our  conditions. 

The  machine  in  question  has  created  a  great  deal 
of  interest,  as  evidenced  by  the  number  of  visitors 
from  all  parts  of  the  world  who  have  called  and  in- 
spected our  plant,  and  by  the  many  questions  we  have 
been  called  upon  to  answer.  We  pride  ourselves  that 
we  can  produce  an  electrical  horse  power  at  a  cost  as 
low  as,  if  not  lower  than,  has  been  accomplished  here- 
tofore with  a  unit  of  this  capacity. 

Robert  W.  Rollins, 

Hartford,  Conn. 
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Steam  turbines,  when  properly  developed,  as  com- 
pared with  reciprocating  engines,  give  promise  of 
lower  first  cost  of  prime  mover  and  generator,  very 
much  less  space  occupied,  less  attention  required  and 
lower  operating  and  maintenance  costs.  These  points 
can  be  demonstrated  only  by  actual  experience,  but  if 
they  are  attained  steam  turbines  will,  of  course,  be 
highly  desirable  for  central-station  work,  as  many  of 
the  factors  now  entering  into  the  actual  cost  of  pro- 
ducing electrical  energy  will  be  correspondingly  reduced. 

P.    JUNKERSFELD, 

Chicago,  111. 

The  question  whether  or  not  steam  turbines  are 
desirable  units  for  central-station  work,  is  answered  by 
the  number  of  such  machines  that  are  under  con- 
struction. 

The  builders  of  the  Westinghouse  steam  turbine 
have  an  aggregate  of  over  30,000  kilowatts  under  con- 
struction, in  sizes  ranging  from  300  kilowatts  to  5,000 
kilowatts. 

Their   economy,  as   has    just    been    shown   by    Mr. 
Rollins     remarks,    is   remarkable ;    particularly   at    the- 
light  loads.     It  may  be   said,  generally,  that  the  steam 
consumption  at  half  load    is    but    10    per    cent  greater 
than  at  full   load. 

The  most  desirable  conditions  of  operation  for 
turbine  work  are  : 

First — A  fairly  high  boiler  pressure. 

Second — A  good  vacuum ;  because  the  turbine  is 
capable  of  utilizing  the  expansive  energy  of  the  steam 
down  to  the  utmost  limits  of  exhaust  pressure.  Be- 
tween 26  and  27  inches  of  vacuum  generally  means  a 
saving  of  six  per  cent  in  steam  consumption  in  favor 
of  the  higher  vacuum. 
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Third — ^The  use  of  superheated  steam.  There  are 
no  rubbing  surfaces  inside  the  turbine  where  the  parts 
are  in  contact  with  the  steam,  so  there  are  none  of 
the  objectionable  features  that  are  sometimes  incidental 
to  the  operation  of  reciprocating  engines  with  super- 
heat. Experiments  seem  to  show  that  for  every  five 
degrees  of  superheat  there  is  a  gain  of  at  least  one 
per  cent  in  economy.  Guarantees  of  economy  have 
been  given  as  low  as  1 1 . 7  pounds  of  steam  per 
electrical  horse  power.  This,  note,  is  electrical  and 
not  induated  horse  power.  These  guarantees,  of 
course,  were  given  under  exceptional  conditions  of 
operation,  which  was  for  165  pounds'  boiler  pressure, 
29-inch  vacuum,  and  180  degrees  of  superheat. 

With  reference  to  space  occupied  by  turbines,  it 
would  be  hard  to  express  it  at  a  certain  amount  per 
kilowatt.  A  400-kw  outfit  occupies  a  space  of  19  feet 
long  by  4  feet  6  inches  wide,  and  its  maximum 
height  is  7  feet  6  inches,  including  the  direct-connected 
generator. 

A  750-kw  outfit,  to  run  at  1,500  r.p.m.,  and  built 
in  two  cylinders,  one  compounded  with  the  other,  and 
having  a  reheating  receiver  for  reheating  the  steam  in 
its  passage  from  one  cylinder  to  the  other, — such  a 
machine  occupies  a  floor  space  of  36  feet  long,  8  feet 
wide,  and  has  a  maximum  height  of  7  feet  6  inches, 
including  the  direct-connected  generator. 

A  i,ooo-kw  outfit,  of  similar  description,  is  about 
42  feet  long,  8  feet  wide  and  8  feet  high. 

Regarding  costs :  It  is  my  very  good  fortune  to 
have  nothing  to  do  with  the  selling  of  turbines,  and  I 
am  therefore  unable  to  say  much  on  the  subject.  I 
might  mention,  however,  that  a  turbine  can  compete 
in  price  with  a  first-class  reciprocating  engine. 

There    are    some    other   considerations,  however,  in 
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the  matter  of  foundations.  All  that  is  required  is 
something  to  hold  up  the  dead  weight  of  the  machine. 
As  was  pointed  out  by  Mr.  Rollins,  the  cost  of  a 
foundation  for  a  i,5ookw  outfit  was  about  $300. 

The  essential  working  parts  of  a  turbine  cotisist  of 
little  more  than  a  shaft  revolving  in  two  bearings. 
These  are  amply  flooded  with  oil,  and  the  bearing 
pressures  are  low,  and  we  do  not  believe  that  the 
journal  actually  comes  in  metallic  contact  with  the 
bearings  at  any  time.  At  all  events,  turbines  that 
have  been  in  operation  many  years  have  shown  no 
wear  whatever  in  the  bearings ;  in  fact,  the  tool 
marks  have  not  even  been  rubbed  off. 

The  steam  velocities  made  use  of  in  the  Westing- 
house  turbine  are  comparatively  low.  They  do  not 
exceed  about  600  feet  per  second,  and  it  has  been 
found  that  the  turbine  blades  do  not  wear. 

This  type  of  turbine  has  not  been  in  operation  a 
sufficient  length  of  time  in  this  country  to  enable  us 
to  make  any  statements  of  cost  of  maintenance,  but 
there  is  no  doubt  that  such  costs  are  exceptionally  low. 

Francis  Hodgkinson, 

Pittsburg,  Pa. 


DISCUSSION 

The  President  :  Gentlemen,  you  have  heard  this 
paper ;  is  there  any  discussion  upon  it  ? 

Mr.  Abbott:  I  ask  what  vacuum  he  is  able  to 
get ;  that  is,  how  much  above  the  absolute. 

Mr.  Cahoon  :  It  is  given  here  as  27  inches, 
average. 

Mr.  Junkersfeld  :  May  I  ask  the  gentleman 
one  further  question  ?  I  should  like  to  know  if  he 
has    experienced    any    particular    difficulty    in    running 
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Steam  turbines  at  the  speeds  mentioned  when  the 
shafting  is  supported  in  two  bearings  only.  It  has 
occurred  to  me  that  on  account  of  the  large  number 
of  blades  that  are  carried,  and  the  considerable  dis- 
tances between  the  bearings,  certain  vibrations  are 
liable  to  be  set  up  in  the  shaft,  which  would  seriously 
interfere  with  successful  operation.  It  would  seem 
that  the  question  of  deflection  in  shafting  would  not 
be  the  same  as  under  ordinary  conditions,  on  account 
of  the  different  forces  acting  simultaneously.  This  is, 
of  course,  a  question  of  design,  but  it  is  not  likely  to 
prove  a  troublesome  one. 

Mr.  Hodgkinson  :  I  will  say,  in  answer  to 
questions,  that  the  vacuum  you  are  able  to  get 
depends  upon  the  condenser  you  employ.  Until  the 
advent  of  the  steam  turbine,  people  were  satisfied  to 
get  along  with  a  25-inch  vacuum,  and  thought  it 
preferable  for  the  benefit  of  the  extra  temperature 
imparted  to  the  feed  water.  With  the  steam  turbine 
has  come  a  demand  for  higher  classes  of  condensers, 
which  is  being  responded  to  by  reputable  builders.  A 
28-inch  vacuum  is  considered  excellent  practice.  Some 
people  talk  about  29  inches,  but  I  do  not  think  this 
is  practicable.  With  a  steam  turbine,  the  vacuum 
should  not  be  less  than  27  inches. 

Mr.  Abbott  :  Is  it  possible  to  get  a  higher 
vacuum  with  a  steam  turbine  than  with  a  reciprocating 
engine  ? 

Mr.  Hodgkinson  :  Not  necessarily.  Good  recipro- 
cating engines  are  built  with  the  glands  having  a 
small  annular  space  into  which  live  steam  can  be 
admitted,  so  that  any  leakage  that  may  occur  past  the 
rods  will  be  a  little  live  steam  rather  than  air  leaking 
in,  which  would  impair  the  vacuum.  As  to  difficulties 
that    would    be    encountered    in    having    a    large   shaft 
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carrying  numerous  rows  of  blades  mounted  on  two 
bearings,  I  would  say  that  such  difficulties  exist  if  the 
shaft  is  not  strong  enough,  or  has  too  much  deflection, 
when  there  might  be  whipping,  etc.;  and  that  is  one 
reason  why  we  have  considered  it  desirable  in  design- 
ing large  turbines  to  divide  the  turbine  into  two  parts, 
high  pressure  and  low  pressure.  This,  however,  is 
only  a  question  of  design,  and  such  difficulties  are 
eliminated  by  keeping  the  shaft  strong  and  permitting 
a  minimum  deflection. 


45. —  What    is   the  efficiency,    cost,    space    required 
and  maintenance  expense  of  steam  turbines  ? 


This  question  has  been  answered  under  the  preced- 
ing question.  No.  44. 


46. —  Why  should  not  coal  be  sold  at  a  price  com- 
pared with  its  ability  to  do  work ;  its  worth  to  be 
determined  by  a  commission  appointed  to  test  its 
quality  and  frequent  tests  made  to  insure  receiving 
the  article  paid  for  ? 


I  do  not  fully  understand  this  question,  but  if  the 
idea  is  to  have  the  dealers  not  only  guarantee  to 
furnish  you  2,000  pounds  of  coal,  but  guarantee  also 
that  the  coal  will  contain  a  certain  number  of  heat 
units,  I  think  it  would  be  a  good  thing.  As  it  is 
now,  the  buying  of  coal  is  somewhat  of  a  lottery. 

F.  Ellwood  Smith, 

Somerville,    Mass. 
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We  do  not  believe  such  a  system  would  be  practi- 
cable, for  the  reason  that  so  many  elements  enter  into 
the  cost  of  mining  and  marketing  coal.  There  are 
cases  where  coal  is  mined  under  many  difficulties,  and 
freight  rates  are  excessive,  so  that,  in  spite  of  the 
quality,  the  coal  company  is  obliged  to  charge  as 
much  for  a  product  that  may  be  only  of  medium 
quality  as  it  would  if  it  were  the  very  best. 

Chas.  H.  Peters, 

Durango,  Col. 


The  selling  price  of  coal  must  be  based  primarily 
on  its  cost  to  the  miner  or  shipper.  There  is  no 
reason  why  purchases  of  coal  should  not  and  can  not 
be  made  on  the  basis  of  calorific  value.  This  can 
often  be  best  stated  in  cost  per  million  B.  T.  U. 
Necessarily,  with  a  variation  in  freight  rates,  the  cost 
per  million  B.  T.  U.  will  vary  for  the  same  coal  in 
every  market,  on  account  of  the  difference  in  freight. 
Another  point  must  not  be  neglected,  and  that  is 
to  compute  calorific  value  of  coal,  not  in  total  heat, 
but  in  effective  heat.  On  the  eastern  coals,  the 
difference  between  effective  and  total  heat  will  not 
vary  to  any  marked  extent,  but  when  you  are  com- 
paring a  bituminous  coal  with  a  lignite  coal,  the  vari- 
ation may  be  considerable.  Some  of  the  western 
lignites  contain  20  per  cent  water  and  this  means  a 
loss  for  every  pound  of  water,  if  fuel  gases  are  dis- 
charged at  500  degrees,  of  152  B.*  T.  U.  to  raise  water 
from  60  degrees  to  212  degrees;  966  B.  T.  U.  to 
supply  the  heat  of  vaporization,  and  138  B.  T.  U. 
representing  heat  contained  in  water  vapor  between 
212  degrees  and  500  degrees.  Ordinary  flue  gas  has 
a   specific   heat   of  only  about  .235,  while  water  vapor 
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has  a  specific  heat  of  .48.  A  lignite  coal  having  20 
per  cent  moisture  and  a  total  calorific  value  of  10,000 
B.  T.  U.,  will  have  an  effective  value  of  but  9,749 
B.  T.  U.,  besides  reducing  your  flame  temperature,, 
which  will,  in  turn,  lesser^  your  boiler  efficiency. 

Anonymous. 


47. —  What  is  the  best   method  of  protecting  high- 
tension  transmission  lines  from  lightning? 


This  question  is  fully  answered  in  the  papers  and 
discussions  on  protection  of  long-distance  transmission 
lines,  page  273  et  seq. 


48. —  What    effect    will   lightning   have    on    trans- 
mission  lines  operating  synchronous  apparatus? 


With  single-phase  apparatus  it  always  breaks  the 
phase  and  generally  burns  out  one  or  more  coils  of 
the  generator.  This  has  been  our  experience,  and  we 
have  discarded  the  apparatus. 

C.  E.  Burrows, 

Walla  Walla,  Wash. 


49. — How  may  storage  batteries  be  protected^  oper- 
ating in  connection  with  induction  or  synchronous 
apparatus^  when  interruptions  occur  on  the  trans- 
mission line? 

Storage  batteries  may  be  protected  when  operated 
in  connection  with  induction  or  synchronous  apparatus. 


667 

and  be  prevented  from  discharging  back  through  the 
same  when  interruptions  occur  in  the  transmission  line, 
in  several  ways,  depending  on  whether  the  machines 
are  used  for  charging  only,  or  whether  they  are  to  be 
used  reversibly;  that  is,  on  useful  discharge  the  energy 
from  the  battery  converted  back  into  alternating  cur- 
rents and  fed  into  alternating  systems.  In  the  first 
instance,  the  ordinary  underload  circuit  breaker,  inter- 
posed between  the  charging  machine  and  the  battery, 
will  protect  the  latter.  A  polarized  relay  circuit 
breaker  or  an  underload  circuit  breaker  of  an  ordinary 
type,  will  also  meet  the  requirements.  The  polarized 
relay  may  be  constructed  with  a  permanent  magnet,  or 
the  poles  may  be  produced  by  an  exciting  coil  con- 
nected to  the  battery  terminals,  as  these  give  electro- 
motive force  in  one  direction  only,  whatever  may  be 
the  direction  of  current  flow. 

The  above-mentioned  circuit  breakers  can  not  be 
used  where  the  battery  is  to  discharge  back  into  the 
alternating  line,  passing  through  an  inverted  rotary 
converter  or  synchronous  motor  generator,  since  re- 
versal of  current  direction  in  the  direct-current  side 
would  cause  the  circuit  to  open.  The  method  most 
suitable  for  this  case — which  is  a  somewhat  rare  one  in 
practice — is  to  make  a  spring-controlled  circuit  breaker 
to  open  the  battery  circuit,  the  latch  being  held  in  by 
the  tongue  of  a  small  motor  which  receives  current 
from  the  alternating  transmission  line  and  which  is 
similar  to  the  alternating  voltage  regulator  of  the 
General  Electric  Company.  Those  familiar  with  this 
device  understand  that  the  armature  does  not  rotate 
continuously  but  simply  exerts  a  torque.  The  regu- 
lator mentioned  is  a  reactive  device,  the  torque  being 
merely  incidental  and  not  in  any  wise  useful ;  but  a 
very    small    apparatus,    made    on    the    same    lines   and 
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excited  from  a  transformer  such  as  is  used  in  connec- 
tion with  station  voltmeters,  could  be  made  to  operate 
the  circuit-breaker  latch ;  nor  would  the  complete  com- 
bination be  expensive  nor  as  complicated  as  the  fore- 
going would  indicate. 

It  may  be  added  that  the  batteries  would  not 
greatly  need  protection  in  any  case,  as  they  would 
drive  the  converter  or  motor  generator  as  a  motor, 
and  the  counter  electromotive  force  would  prevent 
abnormal  current  flow ;  in  fact,  the  current  discharged 
by  the  battery  would  be  only  that  necessary  to  drive 
the  machine  operating  at  no  load,  and  the  consequent 
energy  loss  would  simply  be  that  due  to  the  friction 
and  internal  losses  of  the  translating  machine. 

Lamar  Lyndon, 

New  York  City. 


In  regard  to  the  protection  of  storage  batteries,  I 
should  say  that  if  the  object  is  to  protect  the  battery, 
then  it  can  be  best  protected  either  by  fuses  or  by 
some  kind  of  circuit  breaker  having  a  time  limit.  It 
will  not  do  to  have  the  storage  battery  thrown  out  of 
service  by  an  instant  overload,  even  if  this  overload 
amounts  to  many  times  the  capacity  of  the  battery. 
On  the  other  hand,  we  can  not  afford  to  overload  the 
battery  for  any  length  of  time  with  such  a  heavy 
short  circuit  that  it  would  warp  the  plates.  In  the 
latest  installation  of  this  kind  made  by  the  writer  we 
protected  the  battery  with  copper  fuses  rated  at  about 
twice  the  one-hour  discharge  rate  of  the  battery.  This 
saved  the  battery,  which  had  about  200-kw  capacity, 
which  otherwise  would  have  had  to  carry  about  1,000 
kilowatts.  The  person  asking  the  question  may  have 
had   in   mind    more    particularly  the    protection  of  the 
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apparatus  than  the  protection  of  the  battery.  A 
serious  trouble  has  occurred  where  a  stoYage  battery 
has  been  used  with  rotary  transformers,  with  the  result 
that  the  rotary  transformer  when  running  with  a  light 
field  acted  as  an  inverted  rotary  and  ran  away.  When 
there  is  almost  unlimited  power  in  a  battery,  this  may 
mean  the  destruction  of  the  rotary  unless  it  can  be 
cut  out  of  circuit.  There  are  two  ways  of  avoiding 
this:  The  first  way  is  to  have  the  rotary  excited  by 
the  exciter  that  is  belted  to  the  rotary  or  direct 
coupled  to  it,  so  that  the  field  of  the  rotary  will 
strengthen  as  the  speed  increases  and  prevent  running 
away.  The  other  method  is  to  have  the  same  kind 
of  centrifugal  speed-limiting  device  attached  to  the  shaft 
of  the  rotary,  so  that  at  a  certain  speed  an  electrical 
contact  is  made  which  automatically  opens  the  switch 
controlling  the  rotary  and  puts  it  out  of  circuit. 

R.  H.  Pierce,' 

Chicago,   111. 


50. —  What  is  the  cost  of  maintenance  and  depre- 
ciation of  storage  batteries  ? 


It  is  impossible  to  answer  this  question  clearly 
without  stating  a  large  number  of  conditions.  We  ' 
would  say  in  general,  however,  that  we  assume  that 
under  average  conditions  (if  there  be  such)  the  positive 
plates  should  last  three  or  four  years;  if  they  last  four  , 
years,  then  the  annual  cost  of  maintaining  the  plates 
would  amount  to  lo  per  cent  of  the  original  cost  of 
the  plates.  To  this  would  have  to  be  added  the  cost 
of  making  the  changes  of  plates,  which  would  depend 
on  circumstances.  If  the  plates  lasted  three  years  this 
would  make  the  depreciation  equivalent  to  15  per  cent 
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These  figures  ought  to  cover  all  depreciation.  Of 
course,  the  tost  will  be  different  where  a  battery  is 
used  for  railway  work,  or  used  to  its  capacity  for 
doing  heavy  lighting  work,  and  where  it  is  used  sim- 
ply to  float  on  the  line  in  connection  with  lighting 
work.  My  statement  is  based  on  what  I  should  figure 
the  central-station  manager  would  have  to  be  prepared 
to  face  under  average  conditions. 

As  regards  the  maintenance,  this  depends  upon  the 
location  of  the  battery — whether  or  not  it  can  be 
inspected  by  a  man  who  is  also  doing  other  work ;  and 
maintenance  in  the  sense  of  putting  the  battery  in 
good  condition  is  covered  by  the  item  of  depreciation. 
My  figures  would  probably  not  be  accepted  by  the 
battery  men.  One  battery  in  this  town  is  guaranteed 
at  six  per  cent  maintenance  for  three  years,  but  we  do 
not  consider  that  a  three-years  maintenance  guarantee 
amounts  to  anything.  The  best  way  to  find  out  what 
the  maintenance  of  a  storage  battery  is,  is  to  see  what 
the  makers  will  guarantee  on  a  lo-year  contract  under 
the  actual  working  conditions.  We  have  installed  a 
battery  under  these  conditions  where  the  maker  agreed 
to  maintain  the  battery  for  about  five  per  cent  of  the 
cost  of  the  plates  and  tanks,  but  this  is  probably  too 
low  for  anything  like  the  average  condition. 

R.  H.  Pierce, 

Chicago,  111. 

The  cost  of  maintenance  and  depreciation  of  storage 
batteries  is  a  question  that  can  not  possibly  be  answered 
without  complete  data  as  to  the  size  of  the  battery, 
the  work  that  it  is  doing,  the  quantity  and  density  of 
the  electrolyte,  the  character  of  the  plates,  and  the 
minimum  voltage  at  which   it   is  allowed  to  discharge. 


If  the  battery  is  used  for  regulation,  alternately 
charging  and  discharging  at  intervals  not  widely  apart, 
the  plates  should  have  a  comparatively  thin  layer  of 
active  material  and,  for  a  given  quantity  of  active 
material,  should  have  a  considerable  area  exposed  to 
the  action  of  the  electrolyte.  If  the  batteries  are  to 
be  used  for  storage  purposes,  being  charged  full  during 
the  hours  of  light  load  and  discharged  on  the  peaks, 
these  same  conditions  should  hold,  provided  the  rate 
of  discharge  is  rapid.  On  the  other  hand,  if  the  rate 
of  discharge  is  comparatively  slow,  a  thick  layer  of 
active  material  will  be  more  suitable. 

Generally  speaking,  if  a  battery  conforms  to  the 
following  specifications  and  limits  of  operation,  the 
maintenance  and  depreciation  should  come  within  nine 
or  ten  per  cent : 

1.  Rate  of  charge  or  discharge  never  to  exceed 
1 2  amperes  per  square  foot  of  active  surface ;  the  active 
surface  to  be  considered  as  the  length  multiplied  by 
the  breadth  by  two  of  each  of  the  positive  plates. 
The  factor  two  is  introduced  to  cover  both  sides  of 
the  plate. 

Of  course,  this  is  only  an  average  value,  applicable 
to  most  of  the  usual  types.  There  are,  however,  bat- 
teries for  which  the  rate  given  may  be  exceeded  with 
safety. 

2.  The  temperature  at  which  they  are  operated 
never  to  exceed  loo  degrees  Fahrenheit. 

3.  The  density  of  the  electrolyte  not  to  exceed 
1.24  when  battery  is  fully  charged. 

4.  The  quantity  of  electrolyte  to  be  not  less  than 
10  pounds  per  100  ampere-hours  of  battery  capacity. 

5.  The  electrolyte  to  be  pure  and  to  contain  no 
metals  or  lead-dissolving  acids. 

6.  The  density  and  quantity  of  the  electrolyte 
always  to  be  maintained  at  the  original  values. 
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7.  The  battery  never  to  be  permitted  to  discharge 
below  1.85  volts  per  cell,  the  reading  being  taken 
when  the  normal  current  rate  is  passing,  or  1.80  when 
the  discharge  is  at  the  maximum  permissible  rate. 

It  will  be  seen  that  there  are  a  number  of  con- 
ditions, but  they  are  no  more  onerous  than  those 
required  in  the  successful  operation  of  any  dynamo- 
electric  machine. 

It  may  be  noted  that  the  difficulties  which  have 
attended  battery  operation  in  this  country  have  arisen 
largely  from  an  attempt  to  perform  work  with  too 
small  a  battery.  Increased  battery  capacity  not  only 
reduces  the  depreciation  and  cost  of  maintenance,  but 
increases  the  efficiency  to  a  marked  extent. 

The  question  of  proper  quantity  of  electrolyte  also 
does  not  seem  to  have  received  the  attention  in  this 
country  which  so  important  a  factor  deserves. 

In  addition  to  the  requirements  mentioned,  the 
others,  which  are  usually  understood,  with  reference  to 
prevention  of  excessive  overcharge,  not  allowing  the 
cells  to  stand  uncharged  in  the  electrolyte,  cleaning 
out  the  sediment  in  the  bottom  of  cells,  etc.,  are  also 
understood. 

I  regret  very  much  that  I  am  unable  to  go  more 
thoroughly  into  the  subject,  but  trust  that  the  fore- 
going may  prove  of  some  interest  to  the  members. 

Lamar  Lyndon, 

New  York  City. 

51. —  What  is  the  relative  heating  effect  of  alter- 
nating  and  direct  currefit  up07i  lead-covered  cables  f 

There  is  relatively  no  difference. 

This  question  involves  a  great  deal,  and  the  person 
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seeking  the  information  would  undoubtedly  be  pleased 
if  all  sides  of  the  question  were  taken  up.  It  is  to 
be  presumed  from  the  question  that  a  single-conductor 
lead-covered  cable  in  an  iron-pipe  conduit  has  been 
used  for  alternating  currents. 

If  a  simple  rule  be  followed  there  will  be  no  heat- 
ing whatever;  namely,  the  outgoing  and  returning 
cables  of  all  alternating  circuits  should  be  inclosed  in 
the  same  lead  sheath ;  for  instance,  a  single-phase  alter- 
nating circuit  should  have  a  twin  cable  inclosed  in  one 
lead  cover.  A  two-phase  circuit  can  be  considered  as 
made  up  of  two  single  phases,  or,  if  operated  on  the 
three-wire  system,  then  all  three  wires  should  be  within 
the  same  lead  cover;  the  three-phase  circuits  should 
likewise  be  in  a  three-conductor  lead-covered  cable. 

With  direct  currents  there  is  absolutely  no  heating 
in  the  lead  or  iron-pipe  conduit.  With  the  outgoing 
and  incoming  wires  of  any  alternating  circuit  assembled 
in  the  same  sheath,  there  will  be  absolutely  no  heat- 
ing. Therefore,  there  is  no  heating  effect  of  either 
alternating  or  direct  current  when  installed  as  above 
explained.  Calvin  W.  Rice, 

New  York  City. 


52. —  What  breakdown  test  should  be  demanded  of 
manufacturers  of  transformers  for  2,000  to  2,^00-volt 
distribution  where  secondaries  are  to  be  grounded? 


A  10,000-volt  alternating-current  pressure  should  be 
enough  between  primary  and  secondary  coils  and 
between  coils  and  core  and  also  between  coils  and 
case.  E.  H.  Jenkins, 

San  Antonio,  Tex. 

44 
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The  insulation  test  that  we  apply  to  transformers 
for  2,000-volt  circuits  is  10,000  volts  for  one  minute 
between  primary  coils  and  core  and  primary  aind 
secondary  coils.  We  think  this  is  a  thoroughly  safe 
test,  and  transformers  of  a  lower  standard  than  this 
should  not  be  used.  F.  O.   Blackwell, 

Schenectady,  N.  Y. 


DISCUSSION 

The  President  :  Mr.  Kelsch,  the  question  has  been 
asked,  "What  do  you  think  would  be  the  proper  insu- 
lation in  case  you  wanted  to  ground  your  secondaries?" 

Mr.  Kelsch  (Montreal) :  When  we  used  the 
standard  insulation  of  two  and  one-half  times  the 
working  pressure,  we  found  the  transformer  to  be  a 
better  lightning  arrester  than  the  devices  that  are 
generally  used  for  that  purpose.  For  the  last  two 
years  we  have  bought  transformers  with  a  breakdown 
guarantee  of  12,000  volts,  and  when  we  installed  these 
we  found  that  the  lightning  arrester  broke  down 
instead  of  the  transformer,  and  believe  that  it  pays  to 
have  the  high-voltage  breakdown  test  that  we  insist 
upon. 

The  President  :  Do  you  mean,  Mr.  Kelsch,  that 
you  require  the  1 2,000-volt  breakdown  test  on  the 
secondary  winding? 

Mr  Kelsch:  Yes;  we  require  an  all-around 
breakdown  test  of  12,000  volts.  We  consider  that  the 
insulation  on  the  secondary  coils  should  successfully 
withstand  this  test,  for  the  reason  that  it  is  possible 
for  the  primary  wires  of  a  foreign  company  to  fall  on 
our  secondary  wires.  There  are  several  companies 
operating  in  Montreal.  I  believe  that  the  same  high 
breakdown    test  should  be  required  that  is  required  on 
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the  primary  coils,  and  it  is  required  on  the  primary 
coils  to  prevent  the  primary  coils  from  breaking 
through  to  the  core  or  secondary  coils.  Let  us 
suppose  that  the  primary  coil  breaks  down  and  comes 
in  contact  with  the  core  of  the  transformer.  Now, 
then,  here  is  a  condition  where  the  insulation  on  the 
secondary  coil  must  also  successfully  withstand  the 
high-voltage  test,  to  prevent  the  primary  current  from 
reaching  the  secondary  winding  and  the  customer's 
premises. 

Mr.  Holmes:  I  ask  Mr.  Kelsch  if  that  require- 
ment is  for  transformers  with  or  without  oil 

Mr.  Kelsch  :  We  use  the  oil-type  transformer. 
The  test  is  made  dry ;  the  oil  is  only  intended  for 
cooling  purposes. 

53. — How  may  the  butts  of  hard  pine  poles  be 
preserved  ? 

The  President  :  I  would  suggest  that  perhaps 
good  results  might  follow  the  use  of  a  band  of  tar 
around  the  pole,  extending  two  feet  below  and  one 
foot  above  the  ground.  If  the  tar  is  green  when  you 
set  the  pole,  dust  it  with  lime  and  it  will  not  come  off 
on  anyone's  clothes.  This  treatment  in  a  measure 
prevents  rotting  at  the  base  line.  The  idea  is  not  to 
tar  the  whole  base  of  the  pole,  but  to  leave  the  bottom 
open  for  the  free  movement  of  the  sap  out  of  the 
bottom. 


54m — How   may    oil  stains   be   best   removed  from 
marble  pa7iel  boards  ? 


With    regard    to    the    removal    of    oil    stains    from 
marble  panel  boards,  I  would  say  that,  while  we  have 
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never  succeeded  in  entirely  removing  such  stains,  we 
have  greatly  improved  the  appearance  of  one  of  our 
boards  by  rubbing  chalk  over  the  surface,  covering  the 
same  with  blotting  paper  and  applying  a  hot  flatiron 
to  the  blotting  paper.  H.  T.  Hartman, 

Philadelphia,  Pa. 


Oil  stains  may  be  removed  from  cloth  by  laying 
two  or  three  thicknesses  of  blotters  on  the  spot  and 
putting  on  top  of  this  a  hot  flatiron.  A  large  portion 
of  the  oil  is  drawn  into  the  blotting  paper  by  capillary 
attraction.  By  finishing  off  with  a  sponge  wetted  with 
pentane  or  gasolene,  the  spot  may  be  entirely  re- 
moved. I  should  be  inclined  to  attempt  to  remove 
spots  from  a  marble   switchboard  in  the  same  manner. 

Anonymous. 


55. — I  should  like  to  have  someone  who  is  familiar 
with  the  subject  explain  the  m^atter  of  ^^ phase''  and 
its  various  relations? 


No  answer  to  this  question  was  received. 


56. — How  low  a  pressure  as  between  an  under* 
ground  cable  and  the  ground  is  a  dangerous  factor  in 
the  matter  of  electrolysis  ? 


This  question  can  not  be  answered  in  the  form  in 
which  it  is  asked,  for  the  reason  that  the  destruction 
by  electrolysis  is  not  altogether  a  matter  of  pressure. 
A  voltmeter  may  show  considerable  pressure  between 
pipe    and   the   ground  circuit,   and    still   there   may    be 
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little  electrolysis  due  to  the  high  resistance  in  the  path. 
In  another  case  the  pressure  may  be  a  fraction  of  a 
volt  and  still  destructive  electrolysis  may  take  place.  I 
should  not  dare  set  any  absolute  limit  and  say  that  it 
was  safe.  R.  H.  Pierce, 

Chicago,  111. 


DISCUSSION 

The  President  :  Are  there  any  further  comments 
on  this  subject  ? 

Mr.  Bottomley  (Bellows  Falls,  Vt)  :  Mr.  Presi- 
dent, we  have  with  us  to-night  a  gentleman  who  is 
undoubtedly  perfectly  able  to  answer  that  question, 
and  with  your  permission  I  should  like  to  ask  Captain 
William  Brophy,  of  Boston,  to  say  a  few  words  on 
this  subject. 

Captain  Brophy  :  I  believe  the  electrolytic  effect 
on  water  pipes  and  lead  cables  was  first  discovered  in 
Boston.  By  actual  experiments,  placing  a  section  of 
lead  cable  in  moist  earth,  it  was  found  that  electrolytic 
action  would  take  place  with  one-tenth  of  a  volt,  and 
I  am  satisfied  that  it  will  take  place  with  a  much 
lower  voltage.  I  do  not  know  that  I  care  to  go  into 
the  matter  any  further,  but  the  conditions  surrounding 
the  cable,  the  character  of  the  duct,  and  many  other 
things,  tend  to  increase  or  decrease  the  amount  of 
electrolytic  action  taking  place  on  lead  cables. 

Mr.  H.  H.  Scott:  A  difference  in  the  pressure 
does  not  always  account  for  the  electrolytic  action.  It 
depends  a  great  deal  upon  the  nature  of  the  ground ; 
the  ground  itself  must  be  an  electrolyte. 

Mr.  Williams  :  Is  it  not  true  that  under  the 
conditions  described,  where  current  flows,-  however 
small    the    quantity,    the    electrolytic    action    follows? 
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The  amount  of  this  action  depends,  I  understand, 
upon  two  factors  :  the  volume  of  current  flowing,  and 
the  property  of  the  material  through  which  it  is 
passing. 

Captain  Brophy  :  I  think  that  unless  the  cables 
are  laid  in  rock,  or  rocky  ground,  electrolytic  action 
will  take  place,  particularly  in  the  vicinity  of  the 
power  station  of  street  railways,  under  any  circum- 
stances. In  the  early  days,  when  this  subject  was  first 
taken  up  on  a  set  of  cables  owned  by  the  telephone 
company  in  Boston,  we  took  from  the  surface  of  these 
cables  a  current  of  500  amperes  at  a  pressure  varying 
from  one  volt  to  four  volts  in  the  immediate  vicinity 
of  the  power  house. 


57. — Is  it  necessary  to  connect  an  independent  cable 
that  shall  return  the  current  to  the  power  house,  or 
will  grounding  of  the  cable  at  frequent  points  elim- 
inate the  danger  from  electrolysis  ? 


I  take  it  that  the  object  of  this  question  is  to 
ascertain  whether  or  not  it  is  necessary  to  have  a 
cable  in  the  return  circuit  in  addition  to  the  rail  cir- 
cuit. In  most  cases  a  return  cable  is  practically 
useless,  for  the  reason  that  any  cable  ordinarily  used 
has  resistance  that  is  very  high  in  comparison  with  a 
well-bonded  track.  To  illustrate :  experiments  show 
that  the  resistance  of  iron  in  the  form  of  bonded  rails 
is  eight  to  ten  times  that  of  continuous  copper  con- 
ductor. Taking  the  worst  figure,  and  assuming  that  it 
is  ID  times,  then  a  90-pound  rail  will  be  as  good  a 
conductor  as  a,  i,ooo,ooo-cm  cable;  a  track  of  two  rails 
will  equal  a  cable  of  2,000,000  circular  mils,  and  a 
double  track  one  of  4,000,000  circular  mils. 
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In  putting  in  a  new  system,  I  should  ordinarily 
install  it  without  any  cable  to  reinforce  the  rail  circuit. 
I  should  then  make  a  careful  study  of  the  losses  in 
the  return  circuit  and  the  voltage  between  pipes  and 
grounds,  noting  both  the  amount  and  voltage,  and  the 
direction  of  the  current ;  if  the  results  were  not  then 
satisfactory  I  should  put  in  copper  at  the  points  where 
it  would  do  the  most  good.  In  general,  I  should  say 
that  a  proper  bond  and  grounding  of  the  wires  will 
give  much  better  results  than  a  haphazard  installation 
of  return  copper.  R.  H.  Pierce, 

Chicago,   111. 


DISCUSSION 

Mr.  Dusman  (York,  Pa.)  :  The  question  has  arisen 
in  our  town  as  to  what  we  shall  do  to  remove  the 
difficulty  with  electrolysis  on  the  water  and  gas  pipes. 
The  gas  company  told  me  to  connect  their  pipes  to 
the  rail,  but  the  water  company  would  not  permit 
this.  I  should  like  to  know  the  practice  in  different 
sections  of  the  country,  if  there  is  any  established 
custom. 

The  President  :  I  would  say  that  if  I  represented 
the  gas  and  water  people  I  should  not  want  you  to 
connect  my  pipes  to  the  rails;  but  I  might  allow  you 
to  connect  my  pipes  at  the  power  house  to  the 
negative  side  of  the  generators,  with  a  conductor  of 
low  resistance.  The  trouble  from  electrolysis  comes 
when  the  current  leaves  the  pipes,  not  in  going  to  the 
pipes.  The  electrolysis  takes  place  where  it  leaves  the 
pipes — at  some  joint  where  there  is  a  high  resistance — 
and  the  current  is  apt  to  cause  trouble  at  the  point 
where  it  leaves  the  pipe  to  get  around  the  joint. 

Captain  Brophy  :     I  do  not  agree  with  the  answer 
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to  the  question  as  to  grounding  the  cable.  We  have 
tried  it  in  Boston,  and  it  has  proved  utterly  useless. 
As  to  the  efficiency  of  return  cables,  that  has  been 
demonstrated  beyond  a  doubt.  Return  cables  are  used 
on  every  line,  and  their  efficiency  has  been  demonstrated 
by  reducing  the  current  between  the  rail  and  the 
water  pipes,  lead  cables,  and  other  metallic  substances 
under  ground.  You  can  at  all  times,  in  any  system, 
find  a  difference  of  potential  between  the  rails  and  the 
water  pipes  or  gas  pipes.  I  should  not  advise  a  con- 
nection between  the  rails  and  a  water  pipe  or  gas  pipe, 
but  the  cables,  etc.,  should  be  connected  to  the  negative 
side  of  the  'bus-bars  of  the  power  station.  I  do  not 
care  where  you  go,  or  to  what  city  you  go,  you  will 
find  a  difference  of  potential  between  earth  and  rails. 
There  is  no  city  where  there  is  a  railroad  track  running 
parallel  with  the  cables  under  ground  where  you  can 
not  find  current  flowing  over  these  cables.  We  have 
had  several  gas  explosions  take  place  in  manholes  where 
there  was  nothing  but  telephone  cables.  This  could 
not  have  been  due  to  the  current  flowing  in  the  con- 
ductors in  these  cables.  So  many  of  these  explosions 
occurred  that  I  made  tests  and  found  current  flowing 
in  considerable  quantities  over  the  surface  of  the  lead 
covering.  I  also  found  a  slight  difference  of  potential 
between  the  lead  of  diff^erent  cables,  sufficient  to  estab- 
lish an  arc  between  them  when  separated  and  to  ignite 
gas  when  present  in  the  manholes.  The  vibration  due 
to  the  passage  of  street  cars  and  heavy  teams  in  the 
street,  caused  these  cables  to  separate  where  they  were 
in  contact,  and  the  arc  between  them  would  ignite  the 
gas  and  cause  an  explosion.  This  trouble  can  be  over- 
come by  making  a  firm  electrical  connection  between 
the  lead  covering  of  all  the  cables  in  each  manhole. 
Current  does  and  will  leave  the  rails  of  all  electric-rail- 
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way  systems  at  distant  points  from  the  power  houses, 
and  returns  again  through  the  earth  and  negative  side 
of  the  'bus-bars,  and  at  these  points  destructive  corro- 
sion, or  electrolysis,  takes  place  unless  a  path  of  low 
resistance  is  provided  in  the  form  of  a  cable  or  wires 
of  ample  size.  One-tenth  of  a  volt  is  sufficient,  but 
the  amount  of  corrosion  is  in  proportion  to  current 
flowing  from  the  lead  to  earth. 

Mr.  Cahoon  :  Simply  to  second  what  Captain 
Brophy  has  said,  I  will  say  that  I  was  manager  of  an 
electric  railway  and  was  also  at  the  same  time  manager 
of  the  water  company  in  the  same  city,  and  we  found 
electrolysis  going  on.  Although  the  road  was  thor- 
oughly well  bonded,  we  found  four  different  places  in 
the  city  where  the  pipes  were  beginning  to  be  eaten 
away  quite  badly.  I  did  just  as  Captain  Brophy  has 
suggested.  I  connected  an  eight-inch  water  pipe  that 
ran  under  the  electric-light  station  with  a  cable  of  very 
low  resistance  and  carried  that  to  the  negative  'bus- 
bars, and  the  result  was  that,  although  we  had  a 
heavy  return  from  the  track  to  the  station,  we  always 
got  from  26  to  40  amperes  shown  on  the  ampere- 
meter that  I  put  in  between  the  water  pipe  and 
the  negative  'bus.  We  went  over  the  track  very  care- 
fully and  double-bonded  it,  and  thought  we  had  the 
question  of  electrolysis  thoroughly  settled,  but  until  we 
made  the  connection  with  the  negative  'bus-bar  we 
found  that  was  not  so.  We  subsequently,  in  order  to 
protect  the  water  pipes  further,  sectioned  out  the  rail- 
road and  ran  feeders  back  to  the  station,  and  we  found 
that  this  helped  matters  materially.  After  we  ran  the 
cables  back  we  often  got  no  current  showing  on  the 
ammeter  between  the  water  pipe  and  the  negative  'bus. 

It  was  my  intention   to   contribute  a  paper  on  the 
question    of   explosions   of    gases    in    manholes,    which 
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would  have  been  in  line  with  what  Captain  Brophy 
has  said,  but  unfortunately  I  was  called  away  and  was 
unable  to  write  the  paper.  It  was  my  intention  at 
that  time  to  bring  out  the  very  point  that  Captain 
Brophy  has  brought  out,  that  many  of  the  explosions 
of  gases  in  manholes  and  in  conduit  systems  were 
due  entirely  to  the  Static  charge  that  existed  on  the 
cable,  which  was  set  off,  if  I  may  use  the  term,  by 
the  jar  of  heavy  wagons  and  of  cars  jumping  on  and 
off  bad  joints.  That  seems  to  be  about  the  most 
feasible  explanation  that  we  can  give  of  these  explo- 
sions in  manholes  and  conduits ;  we  can  not  otherwise 
account  for  them.  I  have  seen  so  many  instances 
where  explosions  have  occurred  without  any  sign  of  a 
person  being  around  or  of  the  manholes  being  touched 
in  any  way,  that  this  is  the  only  explanation  that  can 
be  offered.  We  have  had  two  or  three  pretty  bad 
ones  in  New  York  recently  that  were  caused,  I  am 
convinced,  by  just  these  conditions — that  there  was  a 
static  discharge  in  some  of  the  underground  cables  and 
it  was  set  off  by  some  jarring. 


58. —  What   is  the    efficiency    of  various   types   of 
step-up  and  step-down  transformers  ? 


No  answer  to  this  question  was  received. 


59. —  What  is  the  best  method  of  determining  actual 
depreciation  ? 

Charge  "operation"  or  ** maintenance "  monthly  or 
yearly,  with  an  amount  equal  to  what  depreciation  is 
estimated  to  be ;  credit  **  depreciation   fund  "  with  such 
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amounts.  Whenever  any  part  of  the  equipment  is 
abandoned,  scrapped  or  sold,  charge  ** depreciation  fund" 
with  the  original  cost  price  less  salvage,  and  credit 
"equipment"  with  the  same  amount.  Whenever  a 
piece  of  apparatus  is  rebuilt,  charge  "depreciation  fund" 
with  such  cost  of  rebuilding  less  enhanced  value,  due 
to  improvement,  and  credit  "  equipment "  with  the 
same  amount.  W.  J.  Greene, 

Cedar  Rapids,  la. 


While  there  is  always  an  actual  depreciation  in  all 
parts  of  an  electric-lighting  plant,  yet  the  amount  of 
this  depreciation  is  always  a  matter  of  opinion,  and  it 
is  practically  impossible  to  find  any  way  to  say  what 
the  actual  depreciation  is.  Depreciation  is  always  esti- 
mated, and  should  always  be  estimated,  by  someone 
experienced  in  that  work  and  familiar  with  the  ap- 
paratus or  material  under  consideration. 

I  may  say  that  the  most  usual  method  adopted  by 
other  manufacturing  industries  is  to  assume  a  certain 
percentage,  which  shall  be  deducted  from  the  book 
values  as  they  stand  at  the  end  of  each  financial  year. 
This  method  has  been  used  for  a  great  many  years  by 
American  industries,  but  is  one  which  I  consider  rather 
crude  and  do  not  in  all  cases  approve  of,  as  it  is  apt 
to  reduce  the  profits  rather  more  than  is  necessary. 

The  foreign  method  of  amortization  could  well  be 
adopted  in  this  country,  and  may  be  described  some- 
what as  follows : 

During  the  early  stages  of  the  existence  of  a  plant 
an  estimate  is  made  of  the  probable  life  of  the  different 
parts  of  the  plant,  dividing  it  into,  say,  real  estate  and 
buildings,  steam  plant,  electric  plant  in  buildings,  dis- 
tribution system  and  installation.     In  stating  the  length 
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of  life  of  these  different  parts,  it  is  essential  to  take 
into  consideration,  not  only  the  wear  and  tear,  which 
is  principally  made  up  by  the  repairs,  but  the  estimated 
loss  due  to  improvements  in  the  art,  such,  for  instance, 
as  the  discarding  of  the  whole  system  of  arc  lights  of 
the  old  open-arc  style  and  the  installation  of  some 
newer  system,  such  as  the  inclosed  arc.  When  these 
ages  or  periods  of  life  are  determined,  an  amount  of 
money  is  deposited  to  a  renewal  fund  annually,  which, 
placed  at  compound  interest,  will  amount  to  the  first 
cost  of  the  apparatus  or  plant  at  the  end  of  the  period 
of  life  that  is  set  for  that  apparatus.  This  amount 
can  be  determined  from  any  annuity  tables,  but 
attention  is  called  to  the  fact  that  while  the  ordinary 
annuity  table  begins  at  the  time  that  would  correspond 
with  the  installation  of  the  plant,  a  table  should  be  used 
that  begins  at  the  end  of  the  first  year  of  operation. 
Tables  of  this  nature  can  be  found  in  Matheson's 
'*  Depreciation  of  Factories,"  published  by  Spon  and 
Chamberlin.  Thus,  at  the  end  of  the  period  when  a 
machine  is  supposed  to  have  been  entirely  worn  out, 
there  is  an  asset  or  fund  in  bank  ready  for  the 
purchase  of  a  new  plant  to  take  the  place  of  the  old 
and  worn-out  one. 

It  will  be  found  that  instead  of  charging  off  five 
per  cent  to  profit  and  loss,  as  would  be  done  under 
the  old  system,  it  will  take  but  about  three  per  cent 
to  replace  the  apparatus  in  the  same  length  of  time, 
and  a  cash  asset  is  always  available  for  renewal  pur- 
poses, should  any  part  of  the  plant  be  rendered  useless 
before  the  period  of  life  expires. 

In  making  up  an  estimate  of  a  period  of  life  of 
the  different  parts  of  a  plant,  attention  is  called  to  the 
fact  that  real  estate  usually  appreciates,  and  this  should 
be  given  consideration.    Buildings  depreciate  very  slowly 
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if  well  constructed,  and  machinery  will  always  sell  for 
something,  even  though  rendered  useless  or  very 
inefficient  as  compared  with  newer  machinery ;  and 
this  "scrap  value,"  as  it  is  called,  should  be  given  con- 
sideration in  reducing  the  amount  that  may  be  required 
to  replace  the  same  plant  when  it  becomes  necessary 
to  renew.  Horatio  A.  Foster, 

Philadelphia,  Pa. 


discussion 

Mr.  Isaac  B.  Smith  :  Mr.  Qreene's  answer  to 
the  question  regarding  depreciation  was  that  a  certain 
annual  percentage  of  depreciation  should  be  assumed 
to  take  place  on  each  piece  of  apparatus,  or  class  of 
apparatus,  or  equipment  or  construction  constituting 
the  entire  plant.  The  amount  thus  determined  should 
be  credited  monthly  or  periodically  to  "renewal  fund," 
and  a  corresponding  charge  should  be  made  to  "oper- 
ating expense."  When  any  piece  of  apparatus,  or  part 
of  construction  or  equipment,  is  abandoned,  "renewal 
fund  "  should  be  charged  with  the  cost  price  less  salvage 
of  that  part  of  the  plant  abandoned.  The  result  of 
this  will  be  that,  if  the  rate  of  depreciation  determined 
upon  has  been  ample,  "renewal  fund"  will  stand  as  a 
credit.  If  not  ample,  it  will  become  a  debit.  In  the 
course  of  time,  whether  the  account  stands  as  a  credit 
or  a  debit,  the  result  of  the  effect  of  the  conditions 
that  go  to  make  up  depreciation  can  be  determined  by 
a  mere  glance  at  "  renewal  fund." 

The  President  :  The  man  who  asked  this  ques- 
tion wanted  to  get  at  the  rate  of  depreciation — ^what 
the  assumption  would  be. 

Mr.  Arthur  Williams  :  I  should  like  to  ask 
what,  in  the  opinion   of  the   association,  is  a  fair  rate 
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of  depreciation,  especially  with  reference  to  isolated 
plants. 

The  President:  I  might  call  your  attention  to 
that  part  of  Mr.  Crowley's  paper  that  bears  slightly  on 
this  subject.  He  gives  the  different  rates  of  deprecia- 
tion for  certain  classes  of  apparatus. 

Mr.  Abbott  :  It  is  my  opinion  that  electrical  ap- 
paratus depreciates  much  faster  than  we  realize.  This 
is  due,  not  so  much  to  its  wearing  out,  as  to  its 
becoming  obsolete.  I  do  not  think  that  apparatus 
that  has  been  used  in  the  business  for  the  last  15 
years  has  an  average  life  of  over  six  or  eight  years; 
I  find  that  in  making  an  estimate  for  depreciation  my 
figures  are  always  higher  than  those  of  anybody  else. 
Perhaps  this  is  because  I  have  been  in  the  business 
longer  than  most  other  people  who  figure  on  this 
depreciation.  I  know  the  stuff  I  bought  15  years 
ago  became  scrap  in  about  five  years.  Of  course,  the 
depreciation  is  not  so  rapid  now  as  it  was  then,  but  I 
think  that  during  the  first  few  years  of  its  use,  at  least, 
there  should  not  be  less  than  15  to  20  per  cent  depre- 
ciation, and  after  that  the  depreciation  will  be  corre- 
spondingly less. 

Mr.  Isaac  B.  Smith  :  It  seems  to  me  that  this 
is  a  complicated  question.  I  know  the  percentage  of 
depreciation  we  have  adopted  varies  from  two  per  cent 
up  to  ten  per  cent,  depending  upon  the  apparatus. 
On  the  power  house  many  companies  consider  that 
two  per  cent  is  a  fair  depreciation.  Another  consider- 
ation should  probably  be  taken  into  account,  outside 
of  actual  wear  and  tear  and  outside  of  the  fact  that 
the  apparatus  may  become  out  of  style,  so  to  speak, 
and  that  is,  whether  it  decreaises  or  enhances  in  value. 
I  think  the  last  few  years  have  actually  shown  an 
increase  in  the  value  of  your  electrical  apparatus — I  do 
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not  care  whether  it  is  old  or  new.  If  you  adopt  any 
particular  system  you  will  find  that  you  have  a  com- 
plicated problem.  It  is  hard  to  control  this  matter 
with  any  degree  of  accuracy ;  you  had  better  guess  at 
it,  to  start  with,  and  see  how  you  come  out. 

Mr.  Cahoon  :  I  want  to  take  issue  with  Mr. 
Abbott  a  little  on  the  question  of  making  the  depre- 
ciation 15  per  cent  for  the  first  five  years  of  the  use 
of  electrical  apparatus.  I  think  that  would  have  been 
perfectly  true  of  electrical  apparatus  in  the  past,  but  I 
do  not  think  it  is  true  of  the  electrical  apparatus  that 
we  are  buying  to-day.  What  we  are  going  to  charge 
to-day  for  depreciation,  is  what  the  gentleman  who 
asked  that  question  wants  to  know.  The  question  of 
depreciation  is  a  new  one,  comparatively  speaking.  It 
was  the  custom  of  many  companies  in  years  gone  by 
to  let  depreciation  look  after  itself,  and  they  have  run 
along,  declaring  dividends  when  they  could,  and  have 
all  at  once  met  the  issue  that  their  apparatus  was 
obsolete,  or  had  gone  to  pieces  and  had  to  be  re- 
placed, and  there  was  no  depreciation  fund  with  which 
to  meet  this  expense.  I  think  the  English  method  of 
setting  aside  a  definite  amount  for  depreciation,  and 
placing  that  fund  at  interest,  is  better  than  any  of  the 
methods  we  have  adopted  in  this  country.  They  find 
that  by  setting  aside  a  certain  {percentage  for  deprecia- 
tion they  can  get  along  with  a  much  smaller  percent- 
age than  if  they  charge  it  off,  as  many  of  the  engineers 
in  this  country  have  recommended ;  that  is,  five  per 
cent  on  certain  pieces  of  apparatus,  and  carry  it  along 
at  five  per  cent  for  the  whole  period  of  its  life.  Then, 
-certain  engineers  have  recommended  that  if  we  set 
aside  five  per  cent  for  depreciation  it  should  not  be 
literally  put  aside — put  into  a  bank — but  should  be 
■considered    a   fund    against   which    should    be    charged 
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improvements  and  betterments,  so  that  the  value  of 
the  plant  shall  remain  the  same  at  all  times.  In  other 
words,  you  keep  your  plant  up  to  the  same  general 
level  of  efficiency  that  it  had  in  the  first  place ;  the 
plant  is  always  at  loo  per  cent.  The  method  is,  that 
instead  of  charging  these  improvements  and  better- 
ments to  your  construction  account,  as  is  done  ordi- 
narily, you  charge  them  over  against  this  depreciation 
fund. 

I  think  the  better  way  to  answer  that  question 
would  be  to  take  each  piece  of  apparatus  of  to-day, 
the  modem  piece  of  apparatus,  and  estimate  its  life ; 
and  then  we  should  estimate  what  rate  of  depreciation, 
when  it  is  placed  in  a  fundj  set  aside  annually — we 
will  say  at  three  p)er  cent — ^what  amount  at  that  rate 
of  interest  will  equal  the  original  cost  of  the  apparatus. 
I  think  that  if  we  carried  that  through  for  each  class 
of  apparatus  —  engines,  boilers,  dynamos,  buildings, 
lamps,  lines,  etc.  —  we  could  arrive  at  a  pretty  fair 
estimate  of  what  the  depreciation  would  be ;  and  I 
think  this  is  a  subject  on  which  the  engineers  should 
come  to  some  definite  understanding.  I  think  it  is 
well  worth  their  while  to  take  this  subject  up  and 
thresh  it  out.  We  do  not  want  one  engineer  to  say 
that  it  should  be  lo  per  cent,  and  another  engineer 
to  say  it  should  be  three  per  cent,  and  another  to  say 
we  should  not  have  any  depreciation  account  anywhere. 
The  increase  in  the  value  of  the  property,  as  time  goes 
on,  and  the  increase  in  our  output  and  income,  will 
be,  I  think,  such  that  we  can  take  care  of  the  future 
anyway;  that  is  the  view  that  many  take.  I  have  had 
some  well-known  engineers  make  this  remark  to  me, 
and  I  have  taken  issue  with  them  very  strongly.  They 
do  not  put  aside  anything  at  all. 

Mr.    Isaac    B.    Smith  :      Would    you    recommend 
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investing   money   at   two   per  cent?     Would   you   not 
rather  reinvest  it  in  your  own  plant? 

Mr.  Abbott:  To  illustrate  further  what  I  meant 
in  my  previous  remarks,  take  the  case  of  a  new  direct- 
connected  unit  costing  $100,000;  generator  connected 
to  reciprocating  engine.  The  next  year  after  this  is 
installed  we  may  find  that  we  can  get  a  turbine  unit 
of  the  same  output,  as  economical  as  the  reciprocating 
engine,  for,  say,  $70,000.  I  think  it  is  quite  proper 
t6  write  off  at  once  for  the  first  year  $30,000  for 
depreciation — or  30  per  cent.  After  that,  depreciation 
will  not  be  so  rapid. 

Mr.  Arthur  Williams  :  I  raise  this  question 
because  it  seems  one  of  great  importance  to  central- 
station  men.  Many  engineers  allow  nothing  for  the 
depreciation  of  prospective  plants,  on  the  ground  that 
repairs  and  renewals  offset  any  depreciation.  This  can 
not  be  the  case,  as  one  will  quickly  realize  when 
remembering  the  tremendous  difference  between  the 
selling  price  of  second-hand  machinery  and  its  original 
cost.  Depreciation  must  be  allowed  for  in  some 
manner  and  at  some  rate ;  the  latter,  either  pro  rata 
from  year  to  year,  or  in  any  single  year,  as  may  be 
chosen  ;  and  it  is  important  to  have  a  consensus  of 
opinion  upon  this  point.  A  similar  question  was  raised 
at  the  Boston  annual  meeting  of  the  American  Insti- 
tute of  Electrical  Engineers,  and  the  feeling  at  that 
time,  I  think,  was  that  10  per  cent  upon  the  cost  of 
an  electrical  or  mechanical  plant  was  a  fair  depreciation 
charge.  In  New  York  eight  per  cent  is  used,  allowing 
the  plant  about  1 2  years  of  useful  life ;  it  would  be 
something  more  where  a  sinking  fund  was  created,  but 
this  is  seldom,  if  ever,  done. 

It  should  be  remembered  that  depreciation  takes 
place   in    several   ways.     The   machinery  wears  out ;   or 
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there  comes  a  time  when,  even  without  wearing  out, 
it  can  be  profitably  replaced  with  new  machinery ; 
there  is  also  the  ever-increasing  competition  of  the 
central-station  service.  It  will  be  conceded,  I  think, 
that  the  depreciation  upon  a  plant  reaches  100  per 
cent  as  soon  as  it  can  be  replaced  efficiently  and  more 
profitably  by  any  other  form  of  service. 

Mr.  Leonard  Andrews:  This  is  a  question  that 
we  have  had  before  us  in  England  for  some  time.  We 
have  an  association  of  municipal  electrical  engineers, 
the  managers  of  municipal  stations,  and  during  the  last 
few  months  we  have  been  discussing  this  question  of 
depreciation  pretty  fully.  A  few  weeks  before  I  left 
England  we  had  a  meeting  of  practically  all  the 
members  of  our  association,  and  it  was  almost  unani- 
mously agreed  that  if  we  set  aside  about  three  per 
cent  per  annum  lor  oepreciation  we  should  be  meeting 
all  that  is  necessary.  Of  course,  we  do  not  depreciate 
in  England  at  quite  the  same  rate  that  you  do  here ; 
we  do  not  scrap  our  plants  quite  so  quickly.  I 
thought  you  would  be  interested  in  this  statement. 

Mr.  Charles  R.  Price  :  I  agree  with  Mr. 
Williams;  for  instance,  when  it  comes  to  the  substi- 
tution of  incandescent  arcs  for  the  old  open  arcs,  it 
practically  throws  our  machines,  which  cost  two  and 
three  thousand  dollars,  into  the  scrap  heap,  where 
they  may  possibly  bring  $100.  Ten  to  15  per  cent  is 
only  a  safe  depreciation  charge  per  annum  on  some 
departments  of  the  plant. 

Mr.  McCabe  :  I  would  ask  Mr.  Gaboon  if  he 
charges  the  betterments  each  year  up  to  maintenance 
and  operation.  The  plant  not  remaining  the  same, 
but  its  value  increasing,  why  should  he  charge  off  any 
amount  to  depreciation  ?  It  is  only  a  question  of 
whether   or   not   you   charge  the  whole  thing  to  main- 
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tenance  and  operation.  If  you  charge  your  better- 
ments to  your  actual  plant  account,  then,  of  course, 
you  have  to  offset  that  amount  of  depreciation.  But 
if  you  do  not  offset  that,  your  plant  is  always  increas- 
ing; the  value  of  the  plant  is  increasing. 

Mr.  Cahoon  :  I  do  not  know  that  I  understand 
that  exactly,  but  I  think  I  can  see  what  the  gentle- 
man means  in  a  general  way.  That  is,  if  he  takes  the 
betterments  ordinarily  put  into  a  plant  from  year  to 
year  and,  instead  of  charging  that  off  to  construction 
account,  charges  it  into  maintenance  and  operation,  he 
is,  for  all  practical  purposes,  maintaining  his  plant  at 
100  per  cent. 

Mr.   McCabe  :     That  is  the  idea  exactly. 

Mr.  Cahoon  :  I  want  to  make  a  reply  to  Mr. 
Abbott's  statement  in  regard  to  charging  off  a 
$100,000  plant  $30,000,  because  some  turbine  comes 
up  to  replace  the  ordinary  reciprocating  engine.  I 
do  not  think  that  is  doing  justice  to  the  plant.  The 
difference  in  efficiency  between  the  steam  turbine,  so 
far  as  we  know  at  the  present  time,  and  a  first-class 
reciprocating  engine,  is  not  great  enough  to  warrant 
that  amount  being  charged  off.  I  do  not  think  any 
plant  can  stand  such  a  heavy  charge  being  made 
against  any  one  year.  I  think  that  if  it  is  desirable 
to  charge  that  off  it  should  be  charged  to  a  suspense 
account  and  distributed  over  five  years ;  otherwise  you 
knock  your  dividends  all  to  pieces  and  the  stock- 
holders make  objections ;  and  a  small  plant  can  not 
stand  it,  anyway. 

Mr.  Bottom  ley  :  While  on  this  subject  of  depreci- 
ation, I  will  say  that,  unless  I  am  very  much  mistaken, 
the  Board  of  Gas  and  Electric  Light  Commissioners 
of  Massachusetts,  when  estimating  in  their  annual 
returns  the  cost  of  lighting  municipal  plants,  add  in  as 
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a  factor  of  the  cost  of  lighting  the  sum  of  five  per  cent 
on  the  total  capital  invested,  as  a  depreciation  fund. 

Mr.  Williams  :  Mr.  Chairman,  I  desire  to  propose 
as  a  resolution  that,  in  the  judgment  of  this  associ- 
ation, it  is  proper  to  allow  not  less  than  10  per  cent 
annually  as  the  depreciatidn  account  upon  the  cost  of 
electrical  and  mechanical  apparatus  in  private  electrical 
plants. 

Mr.  McGee  :  As  I  understand  it,  if  our  plant  is 
worth  $100,000  when  it  is  installed,  at  the  end  of  one 
year  it  is  worth  $90,000.  Suppose  we  put  in  improve- 
ments to  the  value  of  $5,000 ;  are  we  to  place  the 
value  of  the  plant  at  the  end  of  the  first  year  at 
$90,000  and  take  10  per  cent  from  that  the  next  year? 

Mr.  Williams:  If  a  plant  has  cost  $100,000  and 
$5,000  worth  of  improvements  have  been  added  during 
the  first  year,  the  total  cost  becomes  $105,000;  and 
at  the  end  of  the  first  year  you  should  write  off  10 
per  cent  upon  that  sum,  as  representing  the  deprecia- 
tion upon  the  private  plant. 

Mr.  Cahoon  :  1  think  that  while  we  are  on  this 
subject  we  ought  to  cover  the  question  of  depreciation 
in  central-station  plants  pure  and  simple,  and  I  would 
make  an  amendment  to  Mr.  Williams'  motion  that  a 
central-station  plant  should  not  charge  off  less  than 
seven  and  one-half  per  cent. 

The  President  :  Pardon  me,  and  allow  me  to 
make  one  remark.  I  believe  it  would  be  unsafe  for 
us  to  take  action  on  this  matter  without  more  mature 
consideration.  When  we  say  not  less  than  10  per 
cent  on  isolated  plants,  I  think  we  are  safe  ;  but  this 
depreciation  problem  is  a  nightmare  with  many  of  us, 
and  w^e  have  to  ''  sit  up "  with  it  all  night  long. 

Mr.  Cahoon  :  This  question  was  threshed  out  at 
the  meeting  in  Boston,  to  which  Mr.  Williams  referred. 

The    PREsn)ENT :     I    read    what    they    had    to   say. 
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and  did  not  agree  with  them.  If  we  are  to  take 
action,  we  should  refer  this  question  to  a  committee 
and  go  into  it  exhaustively  and  have  some  figures  to 
back  up  our  action.  We  want  something  to  sub- 
stantiate any  action  we  take.  You  are  free  to  make 
the  motion  and  take  any  action  you  see  fit,  but^ 
personally,  I  should  like  to  see  the  thing  gone  into 
thoroughly  by  a  committee,  so  that  we  could  sub- 
stantiate any  action  they  might  take. 

Mr.  Williams  :  The  private  plant  is  in  a  different 
class,  and  the  same  conditions  do  not  apply  to  it  that 
apply  to  a  central  station. 

Mr.  Gillette  :  I  ask  if  a  distinction  should  be 
made  between  boiler  and  engine  room,  or  if  they 
should  be  classed  as  a  whole. 

The  President  :  I  think  they  should  be  distinct. 
Each  piece  of  apparutus  should  be  distinct. 

Mr.  Cahoon  :     Speaking  of  private  plants 

Mr.  Gillette:     I  had  reference  to  central  stations. 

The  President  :  I  think  there  are  no  two  classes 
of  apparatus  that  will  depreciate  at  the  same  rate.  In 
my  opinion,  there  are  no  two  makes  of  apparatus  that 
will  depreciate  at  the  same  rate. 

Mr.  Gillette  :  In  my  experience,  depreciation 
has  been  more  rapid  in  the  boiler  room  and  the  pipe 
room — in  the  steam  end  of  the  plant — than  in  the 
dynamo  room,  where  proper  care  has  been  bestowed 
on  that  end  of  the  plant. 

(The  motion  of  Mr.  Williams  was  carried.) 

60. —  Whai  special  system  of  rates  is  best  suited 
to  water-pozver  plant  ? 

No  hard  and  fast  rule  can  be  laid  down  to  fit  all 
cases.     The  determination  of  the  best  system  must  be 
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made  after  carefully  considering  all  the  elements  in 
each  case,  and  as  these  are  endless  in  number  it  be- 
comes purely  a  matter  of  local  conditions,  and  should 
be  so  treated.  H.  Bottomley, 

Bellows  Falls,  Vt. 


61. — Can  not  a  just  freight  rate  be  secured  for 
the  shipment  of  burned-out  armatures  and  their 
return  ? 


The  Committee  on  Amendments  to  Freight  Classi- 
fication of  Electrical  Apparatus  and  Goods  is  making 
a  strong  effort  to  secure  more  equitable  freight  rates 
for  all  electrical  machinery,  and  hopes  before  another 
year  to  secure  some  marked  improvement. 


62. — If  a  company  is  furnishing  both  electric  light 

and  gas,  should  one  be  pushed^  or  should  both  be  pushed 

against  each  other ;  gas  arcs  against  electric-arc  lights^ 

Welsbachs  against  incandescents^  and  gas  engines  against 

motors  ? 


With  short-hour  consumers  with  a  large  demand, 
push  the  gas  side ;  with  long-hour  consumers,  where 
the  demand  is  not  too  great,  push  the  electric  side. 

H.  H.  Scott, 

Lincoln,  Neb. 


This  question  is  somewhat  unusual  for  an  electric- 
light  convention,  but  I  think  it  deserves  serious  con- 
sideration, as  it  not  only  has  a  bearing  on  the  proper 
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conduct  of  those  companies  that  are  already  operating 
both   gas   and   electric-light   plants,   but   it   also   has   a 
bearing  on   the   advisability  of   further   consolidations. 
The   ends   aimed   at  in   a  gas  and  in  an  electric-light 
business  do  not  differ  greatly.     One  company  supply- 
ing both  classes  of  service  can,  if  it  wants  to  do  so^ 
supply  them  at  a  lower  cost,  give   better  service,  and 
make  more  money,  than  could  two  independent  com- 
panies.    The  business  should  be  pushed  with  an   idea 
of  making  the  most  profits,  regardless  of  any  wish  to 
develop    one    particular    branch    of    the    business.      I 
believe   the    best   results   can   be  obtained   by  pushing 
the  gas  business  for  intermittent  lighting  service  and 
pushing   the   electrical   business  for  long-hour  lighting 
service.     Welsbach  lamps  are  not  apt  to  give  genera) 
satisfaction    unless   they   are    maintained    by   the    com- 
pany,   either    free    or    at    a  'fixed    charge    per    month. 
There  is  no  particular  advantage  in  pushing  Welsbach 
lights    where    a    gas    and  electric  company   have   been 
consolidated.      Gas   engines   are    not   apt   to   give    the 
same  satisfaction  as  electric  motors,  and  the  danger  of 
competition   is   greater.     It    is   a   very  easy   matter   to 
change    over    a    gas   engine   to    use   gasolene,   but    an 
electric  motor  is  generally  so  satisfactory  that  a  con- 
sumer is  not  apt  to  attempt  to  obtain  power  in  any 
other  way.  Anonymous. 

It  depends  entirely  on  existing  conditions.  If  one 
department  of  the  business  is  approaching  capacity  of 
works,  push  the  other.  If  just  building  up  a  business, 
push  both,  giving  consumer  the  choice.  It  is  not 
necessary  to  disparage  one  or  either;  but  give  a  black 
eye  to  gasolene  and  acetylene  at  every  opportunity. 

C.   E.   Burrows, 

Walla  Walla,  Wash. 


696 

DISCUSSION 

The  President  :  I  might  add  that,  in  view  of  our 
present  knowledge  of  costs,  I  believe  a  very  neat  sys- 
tem of  pushing  a  gas  and  electric-light  business  could 
be  worked  out  to  yield  the  maximum  profits.  There 
are  certain  electric-light  consumers  that  are  undesira- 
ble, and  if  we  could  so  adjust  our  system  of  charging 
that  they  would  be  put  on  the  gas  side  of  the  busi- 
ness— if  both  classes  of  business  are  operated  by  one 
company — it  would  result  in  a  profit  to  the  gas  com- 
pany and  a  saving  in  losses  to  the  electric-light  end 
of  the  concern.  It  would  also  be  possible  to  make 
the  gas  and  electric  rates  in  such  a  way  that  a  man 
with  a  large  peak  would  take  up  the  point  of  his 
peak  with  gas  and  keep  an  even  load  with  electric 
current ;  and  I  think  that  is  a  matter  that  needs  our 
further  consideration. 

Mr.  Cahoon  :  I  do  not  want  to  take  up  too 
much  time,  but  I  want  to  call  your  attention  to  just 
that  feature,  which  I  put  into  effect  in  the  city  of 
Elmira,  N.  Y.  I  found  we  had  a  great  many  unde- 
sirable customers  on  the  electric-lighting  system.  They 
were  customers  in  residence  districts  covering  a  widely 
scattered  area,  and  we  had  to  use  individual  trans- 
formers, entailing,  as  you  all  know,  quite  a  heavy  loss 
on  the  lines.  I  divided  the  city  into  districts — the 
city  being  well  adapted  for  that,  as  the  business  was 
all  in  one  congested  district,  bounded  by  about  four 
or  five  blocks  in  one  direction  and  eight  or  nine  in 
the  other.  I  drew  a  circle  around  that  district,  and 
told  the  people  in  the  business  district  that  they  could 
have  electric  light  for  10  cents  per  kw-hour.  When 
we  got  outside  that  district  we  doubled  the  rates. 
The  gas  consumption  went  up,  and  I  more  than 
doubled    the    number    of    connected    lamps,    carrying 
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them  from  6»6oo  to  over  15,000,  and  we  made  both 
the  gas  and  the  electric-light  service  pay  very  well 
indeed. 

Mr.  Williams:  Did  you  find  that  the  special 
rates  in  the  one  district  affected  your  standing  with 
customers  in  the  other  district  ? 

Mr.  Cahoon  :  No ;  there  were  no  bad  results. 
The  customers  objected  at  first,  but  after  they  got 
the  run  of  it,  and  saw  the  reason  for  it, — which  we 
explained — that  we  could  deliver  a  great  bulk  of  cur- 
rent in  the  business  district  at  a  cheaper  rate  than  to 
scatter  it  all  over  the  city,  they  were  apparently  satis- 
fied with  the  explanation.  When  they  understood 
that,  we  had  no  further  trouble.  The  people  who 
wanted  to  use  electric  light  in  the  residence  district 
used  it,  and  they  paid  double  what  they  did  in  the 
business  district. 

Mr.  Williams:  Taking  the  maximum  demand  as 
the  factor,  I  think  we  get  as  good  a  load  factor  from 
residences  as  from  office  buildings.  The  office  build- 
ing has  been  looked  upon  as  being  a  non-desirable 
customer,  but  I  am  of  opinion  that  this  is  not  the 
case ;  that  if  any  building  gives  you  all  the  light  and 
power  service  it  has,  it  can  not  be  unprofitable. 
Within  the  past  few  days  I  have  had  occasion  to 
look  over  sortie  statistics  relating  to  the  supply  of  an 
office  building  in  New  York,  finding  that  the  net 
returns  during  the  past  twelve  months  averaged 
$5.00  for  each  i6-cp  lamp  installed,  the  charge 
being  at  the  rate  of  10  cents  per  kvv-hour ;  of  two 
hotels  recently  looked  into,  one  had  an  average  of  six 
hours,  and  the  other,  enjoying  a  slightly  lower  rate, 
had  seven  hours'  daily  use  for  each  lamp  connected 
for  the  365  days  of  the  year. 
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63. —  What  is  the  best  practice  with  regard  to 
underground  distribution  and  connections  to  consumers 
premises  for  system  embracing  both  ^oo-volt  direct 
current,  i.ooo-volt  alternating  current  and  direct- 
current  series  arcs? 


I  consider  this  question  rather  an  intricate  one  to 
answer,   having   no  knowledge  of    the  volume  of    the 
business  and  the  territory  it  covers,  and  lacking  a  great 
deal  of  necessary  information    upon  which  to  base   an 
intelligent  answer.     First  of  all,  I  think  I  should  sim- 
plify  my  system,  supplying   the   outskirts   of   my  city 
with  alternating  current  of  such  a  character  as  to  meet 
the  requirements  for  light,  power,  etc.     In  the  centre 
of  this  lighting  district  it  might  be  advisable  to  install 
a  three-wire,  direct-current  system,  no  to  2  2ovolt,  for 
light,  power  and  general    uses.     In  my  estimation  the 
best  plan  of    distribution    for    a    direct-current    system 
is  to  run   three    mains   consisting   of   three   cables   on 
each  side   of   the   street,  as  close  to  the  curb   as   con- 
venient, making   lateral    connections   to   each    building 
(in    some    cases   one    lateral    may  answer   for    two    or 
more  buildings).     The  connections  can  be  made  up  in 
small    handholes   in    the   street.     The   lateral    ends,   or 
services,  should  be  made  up  to  a  water-proof,  cartridge- 
fused    switch.      The    ordinary    slate    or    marble-based 
switch  is  liable  to  corrode  and  cause  trouble,  owing  to 
the    dampness    to    which    the    switches    are    exposed. 
The   mains   referred   to   should    receive   the   supply  of 
current  from    junction   boxes  placed   in  sewered    man- 
holes, at  points  to  give   a   uniform    pressure  and  even 
distribution  of  load    on   the  various   feeders   supplying 
current  to  the  system. 

If    the    gentleman    who    asked    this    question    will 
come  to  Hartford    and   explain    his   conditions,   I   will 
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gladly  give  him  all  the  information  in  my  power, 
which  will  no  doubt  be  of  more  value  than  this, 
which  may  be  wide  of  the  mark. 

This  same  system  can  be  employed  for  alternating- 
current  distribution,  placing  subway  transformers  in 
manholes  for  the  supply  of  current.  We  place  our 
inclosed  primary  fuses  on  a  pole,  adjacent  to  the  man- 
hole containing  the  transformer. 

R.  W.  Rollins, 

Hartford,  Conn. 


64. —  What  is  the  best  practice  regarding  the  trans- 
position of  high-potential  alternating-current  lines  one 
to  fifteen  miles  in  length  ? 


We  are  operating  two  io,ooo-volt,  three-phase,  60- 
cycle  alternating  lines,  one  of  which  is  10  and  the 
other  13  miles  long.  No  transpositions  have  been 
placed  in  either  of  the  lines,  and  we  have  experienced 
no  difficulty  on  account  of  induction. 

E.   H.   Mather, 

Portland,  Me. 

Our  6y6oo-volt  alternating  transmission  of  about 
five  miles  in  length  is  not  transposed  at  all.  It  is  run 
on  the  old  single-petticoat  glasses  formerly  used  for  a 
direct-current  arc  circuit  and  shows  next  to  no  leakage 
in  wet  weather,  and  no  line  characteristic  of  a  trouble- 
some nature.  J.  W.  Cartwright, 

Bangor,   Me. 

Lines  of  this  length  need  not  involve  considera- 
tions  other   than    the    mechanical  features.      In    a    15- 
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mile  line  of  moderate  power  three  transportations 
should  give  all  the  necessary  flexibility.  If  such  a  line 
be  made  up  of  more  than  one  circuit,  then  the  trans- 
positions should  have  some  regard  for  the  amount  of 
power  transmitted  in  each  circuit,  the  voltage,  phase 
and  frequency,  in  order  to  compensate  inductive 
effects  between  circuits.  E.  Grissinger, 

Buffalo,  N.  Y. 


The  transposition  of  any  line,  whether  long  or 
short,  high  or  low  potential,  is  for  the  purpose  of 
overcoming  the  evil  effects  of  mutual  electromagnetic 
induction.  This  mutual  induction  may  result  in  inter- 
ference with  neighboring  lines  of  the  same  class  and 
character,  or  may  result  in  interference  with  neighbor- 
ing lines  of  an  entirely  different  class.  For  example : 
many  parallel  lines  running  out  from  a  station  may 
act  inductively  on  each  other,  the  lines  carrying  high 
currents  disturbing  the  potential  on  lines  carrying  low 
currents,  and  vice  versa;  or  the  lines  from  any  station 
running  parallel  to  telegraph  or  telephone  lines  may, 
by  inducing  current  upon  these  neighboring  lines, 
interfere  with  the  apparatus  connected  with  them* 
This  mutual  induction  may  be  due  to  the  electrostatic 
effect  of  the  electromagnetic  effect.  So  far  as  I  am 
aware,  no  satisfactory  cure  has  been  effected  of  the 
electrostatic  interference.  The  electromagnetic  inter- 
ference may  be  overcome  by  proper  transpositions, 
and  whether  or  not  transpositions  shall  be  placed  in 
lines  from  one  to  fifteen  miles  in  length,  depends 
almost  entirely  upon  the  quantity  of  current  these 
lines  are  carrying,  the  proximity  of  other  lines,  and 
the  character  of  those  other  lines.  Telephone  lines 
running  for  one  mile  or  more    parallel  to  power  lines 
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are  almost  invariably  seriously  affected,  and  for  these 
lines  transposition  should  undoubtedly  be  introduced, 
either  in  the  telephone  lines  themselves,  or  in  the 
adjoining  power  lines.  The  telegraph  apparatus,  not 
being  as  sensitive  as  telephone  apparatus,  is  not  so 
readily  affected,  and  cases  are  rare  where  the  interfer- 
ence is  serious  where  the  lines  are  parallel  for  dis- 
tances less  than  four  or  five  miles ;  and,  indeed,  the 
problem  of  properly  doing  away  with  mutual  induc- 
tion between  power  lines  and  grounded  telephone 
lines  is  one  that  has  to  be  handled  most  carefully, 
since  the  ordinary  method  of  transposition  is  generally 
unavailable  to  remedy  the  difficulty.  Power  lines 
carrying  less  than  loo  amperes  do  not  ordinarily 
interfere  with  each  other  to  a  serious  extent  where 
they  are  run  parallel  for  less  than  two  or  three  miles, 
but  for  greater  distances  or  greater  currents  they  un- 
doubtedly do  interfere  and  should  be  transposed.  In 
one  case  that  has  been  brought  to  my  knowledge, 
where  many  lines  carrying  large  currents  were  run 
out  of  the  station  for  distribution  to  a  city,  being 
parallel  in  some  cases  for  not  more  than  i,ooo  feet, 
the  interference  between  the  different  power  lines  was 
so  serious  that  pressure  wires  run  back  to  the  station 
gave  no  indication  of  the  pressure  at  the  terminals, 
since  both  the  power  lines  themselves  and  the  pressure 
wires  were  seriously  affected  by  neighboring  currents. 
Finally,  it  must  be  called  lo  your  attention  that  trans- 
positions carelessly  done,  and  without  due  regard  to 
what  a  transposition  is  to  effect,  are  of  comparatively 
little  value.  I  know  of  one  line  where  the  telephone 
circuit  was  transposed  every  eighth  pole,  and  where  not 
only  was  the  telephone  useless,  but  the  bells  burned  out, 
although  the  power  line  was  carrying  but  about  20  am- 
peres.    This  trouble  was  remedied  altogether  by  taking 
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out  these  transpositions  and  putting  in  transpositions 
about  one  every  30  poles,  but  properly  located  with 
reference  to  the  transpositions  of  the  power  line, 
which  had  not  previously  been  taken  into  account. 
In  order  to  lay  out  the  transpositions  of  any  line,  it 
is  necessary  to  follow  in  direction  and  amount  the 
field  of  force  surrounding  the  line  itself.  Single-phase 
lines  are  transposed  simply  as  telephone  lines  by  cross- 
ing them,  since  any  two  sections  of  equal  length 
between  which  there  is  a  cross  have  equal  fields  of 
force  acting  in  opposite  directions,  and  consequently 
neutralize  each  other.  A  barreling  of  a  three-phase 
line  rotates  the  field  of  force  one-third  of  a  revolu- 
tion, and,  in  consequence,  it  is  necessary  to  rotate  the 
line  twice  before  the  individual  equal  sections  neutral- 
ize each  other,  and  in  this  case  no  two  of  the  three 
equal  sections  between  which  there  are  transpositions 
neutralize,  though  the  three  are  neutral  when  taken 
together  with  reference  to  any  parallel  line.  The 
four-wire,  two-phase  line  is  only  neutralized  when 
there  are  three  barrelings  and  four  sections  of  equal 
length  and  the  three  barrels  divide  the  line  into  four 
sections  of  equal  magnetic  strength.  These  four  sec- 
tions neutralize  each  other  in  pairs,  but  no  two 
neighboring  sections  neutralize.  The  first  and  third 
neutralize  each  other  and  the  second  and  fourth  neu- 
tralize each  other,  but  the  first  has  no  influence  on 
the  second  or  fourth,  the  second  has  no  influence  on 
the  first  or  third,  and  so  on.  It  is  stated  that  the 
barreling  of  a  line  is  necessary  for  neutralizing  the 
effect  of  the  earth  upon  that  line  itself,  but,  so  far  as 
I  have  been  able  to  observe,  no  such  effect  is  to  be 
found ;  two  and  three-phase  lines  without  any  trans- 
positions working  as  well  as  those  that  have  been 
transposed  or  barreled,  provided  the  three-phase  wires 
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are  located  at  the  corners  of  an  equilateral  triangle 
and  the  wires  of  each  phase  of  a  two-phase  line  at 
the  diagonally  opposite  corners  of  a  square.  In  trans- 
posing any  line  with  reference  to  any  other  line,  the 
transpositions  should  be  introduced  in  sections  where 
the  current,  and  consequently  the  magnetic  field,  is 
constant.  If  this  question  of  the  constancy  of  the 
magnetic  field  and  the  effect  of  its  direction,  already 
described,  be  taken  into  account,  all  interference  to 
Or  from  neighboring  lines  is  readily  overcome.  The 
question  whether  the  lines  carry  high  or  low  poten- 
tial is,  in  my  mind,  not  important  with  reference  to 
transpositions,  since  the  effect  of  high  potential  is  to 
produce  electrostatic  induction,  and  this  effect  is  not 
readily  overcome  by  transpositions. 

F.  A.  C.  Perrtne, 

Pittsfield,   Mass. 


DISCUSSION 

The  President  :  Is  there  any  discussion  on  this 
question  ? 

Mr.  p.  M.  Lincoln  :  I  ask  for  some  expression 
of  opinion  as  to  how  serious  a  matter  this  transposi- 
tion problem  is.  My  experience  has  pointed  to  the 
fact  that  most  of  the  trouble  on  high-tension  lines  is 
due  to  static  and  not  to  dynamic  induction.  I  have 
been  told  by  others  who  have  run  high-tension  lines 
that  as  long  as  they  could  keep  the  telephone  and 
telegraph  lines  insulated  from  the  ground,  and  over- 
come the  static  induction,  they  had  no  trouble  from 
dynamic  induction,  although  there  is  no  transposition 
on  telegraph  and  telephone  lines. 

Mr,  Bertrand  (Peoria,  111.):  We  changed  our 
voltage  last  summer  from  i,ooo  to  2,000  volts.     While 
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that  is  not  very  high  tension  compared  with  the 
system  that  Mr.  Lincoln  represents,  it  brings  out  the 
point.  We  divided  our  primary  current  by  two,  but 
the  effect  on  the  city  telephone  lines  was  not  to 
decrease  the  induction  on  their  lines,  but  rather  to 
increase  it,  which  would  point  to  static  rather  than 
magnetic  inductance  as  causing  the  trouble. 


65. —  What   is   the   best   means   of  attracting  neiv 
electric-light  consumers  ? 


With  us,  the  best  means  of  attracting  new  con- 
sumers has  been  the  reduction  of  rates.  Each  reduc- 
tion we  have  made  has  within  two  months  had  the 
effect  of  largely  increasing  our  gross  earnings.  If  we 
could  afford  to  stand  the  first  reduction  in  earnings 
for  a  longer  time  we  could  put  the  price  to  a  point 
that  would  enforce  the  use  of  electricity  over  any 
price  that  the  gas  company  could  make. 

James  W.  Cartwright, 

Bangor,   Me. 


First — Place  all  lights  and  motors  on  separate 
generators  and  circuits. 

Second — Make  the  regulation  of  the  lighting  cir- 
cuits as  nearly  perfect  as  possible. 

Third — Make  the  price  as  low  as  possible,  allow- 
ing a  reasonable  interest  on  the  capital  mvested. 

Fourth — Present  the  advantages  of  the  electric 
light  to  the  public  through  capable  solicitors. 

E.   H.   Mather, 

Portland,   Me. 


7^5 

The  best  method  of  attracting  hew  consumers  for 
electric  light  is  to  reduce  the  price  of  the  service,  if 
it  can  be  done.  The  plan  used  by  telephone  com- 
panies, of  giving  three  or  four  months*  service  free, 
has  also  been  very  successful,  and  is  a  method  that 
would  probably  appeal  to  central-station  men  as  being 
better  than  any  permanent  reduction  of  rates.  If  the 
former  plan  is  attempted,  it  must  be  done  with  a 
good  understanding  of  the  conditions  under  which 
electricity  is  produced  and  used,  or  the  effect  might 
be  disastrous.  In  the  latter  plan  it  is  simply  a  matter 
of  making  a  plain  statement  to  consumers. 

R.  J.  Patterson, 

Water ville,  Me. 

Keep  the  voltage  uniform,  the  lamps  renewed 
often,  and  the  customer's  wants  attended  to  before  he 
finds  them  out  if  possible. 

CnAS.  E.  Scott, 

Bristol,   Pa. 

A  perfect  service  at  a  reasonable  price,  and  selling 
fixtures  almost  at  cost.  No  matter  how  cheap  light 
may  be,  if  the  service  is  poor  it  is  very  difficult,  if 
not  impossible,  to  increase  your  number  of  customers 
at  a  satisfactory  rate.  A  good  thing  will  sell  upon 
.  its  merits,  and  even  if  there  be  something  a  little 
cheaper  but  not  so  good,  the  best  will  in  the  end  win 
out.  By  selling  fixtures  at  almost  cost  you  will  often 
find  two  or  three  lights  burning  in  a  place  where  a 
single  drop,  light  would  have  been  made  to  answer 
otherwise.  A  well-lighted  room  is  a  standing  adver- 
tisement by  which  the  company  will  gain.  Give  a 
new  lamp  for  every  four  or  five  dollars'  worth  of 
46 
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Qurrent  consumed ;  this  will  insure  the  laying  aside  of 
blackened  globes,  and  give  the  customer  the  candle 
power  he  pays  for.  Courtesy  upon  the  part  of  all 
employees.  Do  not  tolerate  an  insolent  or  discourt- 
eous man.    Go  after  business  as  if  you  really  wanted  it. 

Chas,  H.  Peters. 

Durango,  Col. 

The  best  way  to  attract  new  customers  is  to  make 
your  old  customers  so  well  satisfied  with  the  quality 
of  the  light  and  power,  the  reasonableness  of  the 
rates,  and  the  honesty  and  courteous  treatment  of  the 
local  manager,  that  they  shall  proclaim  to  all  their 
friends  the  satisfaction  that  they  feel.  This  kind  of 
advertising  will  give  better  and  more  lasting  returns 
than  any  amount  of  talk  or  display  by  those  whom 
they  know  to  be  directly  interested. 

H.  H.  Taylor, 

Gardner,  Mass. 


DISCUSSION 

The  President  :  With  regard  to  this  question,  I 
would  say  that  about  two  years  ago  I  had  occasion  to 
start  a  new  central  station.  Instead  of  adopting  any 
of  the  methods  outlined  in  the  answers  to  this  ques- 
tion, I  offered  a  premium  to  wiremen  for  every  lamp, 
wired  up.  In  a  town  of  80,000  population,  and  where 
competition  is  strong,  we  have  wired  up  42,000  in- 
candescent lights  in  two  years.  In  Denver,  Col.,  we 
have  competitive  conditions.  The  old  ce.ntral  station, 
with  which  I  am  connected,  reduced  its  rates  the 
middle  of  last  April.  We  have  not  made  any  very 
great   efforts    for    new    business,  yet    in    April  of    this 
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year  our  incandescent  lighting  was  93.5  per  cent  more 
than  a  year  ago  for  the  same  service.  The  power 
sales  have  increased  about  70  per  cent  in  a  year. 
Yet,  strange  as  it  may  seem,  what  looked  to  be  a  big 
reduction  in  rates  on  power  happens  to  figure  out  for 
the  last  two  months  only  seven  and  nine  per  cent  less 
than  was  formerly  obtained  for  current.  I  think  the 
increased  sales  are  the  most  phenomenal  I  ever  heard 
of  in  a  central  station  that  was  considered  as  already 
fully  developed.  The  funny  part  of  it  is  that  we  did 
not  intend  to  do  it ;  we  could  not  help  doing  it,  and 
it  has  got  us  into  a  peck  of  trouble.  Our  construc- 
tion account  for  this  particular  property  has.  been  run- 
ning in  the  neighborhood  of  $25,000  per  month  to 
buy  new  meters,  service  wires,  transformers,  etc.,  and 
to  take  care  of  the  increase  in  our  electric  and  gas 
departments. 

Mr.  Williams:  How  did  the  business  develop  so 
tremendously  ? 

The  President:  In  the  electrical  department  we 
did  not  encourage  such  a  growth  of  the  business,  but 
we  did  in  the  gas  department ;  and  when  I  spoke  of 
$25,000  a  month  for  construction,  that  applied  also  to 
the  gas  department,  where  we  had  about  20  solicitors 
and  increased  the  customers  of  the  company  about  50 
per  cent  in  one  year.  The  electrical  department  was 
not  giving  as  good  service  about  a  year  and  a  half 
ago  as  it  might  have  done,  atsd  the  firM  thing  we  did 
was  to  put  the  whole  tMTD  on  a  three-wire,  intercon- 
nected secondary  SfStem,  maintmiiing  a  voltage  that 
was  almost  miifontf,  establishing  a  system  of  free  lamp 
renewals,  and  reducing  our  rates  to  about  50  per  cent 
of  our  consumers.  The  s^^stem  of  rates  used  is  one 
of  tho^  systems  wheie  it  is  within  the  power  of  the 
consumers  to  fix  their  own  rates,  and  some  of  them 
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took  advantage  of  the  saving,  while  others  have 
increased  their  consumption  all  the  way  from  loo  to 
150  per  cent;  in  one  case  even  to  900  per  cent,  and 
in  several  cases  over  400  per  cent. 

The  other  plant  referred  to  was  a  water-power 
plant.  The  premium  paid  there  was  50  cents  per 
lamp  for  consumers  on  a  flat  rate ;  25  cents  a  lamp 
for  consumers  on  another  rate — the  so-called  Doherty 
rate ;  the  rate  described  in  the  paper  that  I  read 
befol^  the  National  Electric  Light  Association — and 
five  cents  per  lamp  for  consumers  on  the  straight 
rate.  We  are  developing  the  business  very  rapidly  on 
this  basis. 


66. —  What  is  the  maximum  revenue  obtainable 
from  any  city  for  electric  lighting,  stated  on  a  per 
capita  basis? 

From  the  statistics  of  40  cities  in  New  England, 
each  of  which  has  a  population  of  4,500  or  over,  we 
find  the  largest  income  per  capita  to  be  $6.64.  This 
we  believe  to  be  a  very  exceptional  case.  We  con- 
sider $3.50  the  ordinary  maximum  revenue. 

E.  H.  Mather, 

Portland,  Me. 

We  have  done  quite  a  little  figuring  on  this  prob- 
lem, hoping  to  be  able  to  give  you  some  information 
that  would  be  of  value.  We  found,  however,  that 
there  were  so  many  features,  which  varied  between 
very  wide  limits,  that  any  figure  we  could  give  would 
not  be  accurate  within  a  very  large  percentage. 

It  is  easy  to  estimate  the  size  of  power  station 
required  for  a  given   population,  as  the  capacities  per 
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capita  do  not  vary  very  largely,  but  the  cost  of  real 
estate,  distributing  system  and  other  items  outside  of 
the  power  station  proper,^  varies  in  Massachusetts  from 
25  per  cent  to  75  per  cent  of  the  total  investment. 
The  output  of  the  plant  varies  in  our  companies  from 
28  to  78  kw-hours  per  capita.  All  these  variations 
have  a  large  bearing  on  the  figure  that  we  want  to 
get  at,  and  we  find  so  many  undeterminable  factors: 
that  we  fear  we  could  not  give  any  information  that 
would  be  of  value.  Stone  and  Webster, 

Boston,  Mass. 


67. —  What  16  the  lowest  rate  at  which  electric 
current  can  be  sold  and  net  a  five  or  six  per  cent  profit 
on  the  capital  invested^  in  a  city  of  30,000  to  ^0,000 
population  with  the  best  bituminous  coal  at  $^..00 
per  ton  f 

I  should  say  that  the  price  at  which  electric  current 
could  be  sold  to  net  five  or  six  per  cent  profit  on  the 
capital  invested,  under  the  conditions  named,  will  vary 
so  much  with  the  character  pf  the  plant,  the  price  of 
labor  and  the  conditions  of  service,  that  I  doubt 
whether  it  is  possible  to  make  an  intelligent  answer. 
The  lowest  rate  at  which  we  sell  current  in  any  of  our 
plants  is  a  cent  and  a  half  per  kw-hour.  In  this  case 
the  load  is  fairly  constant  for  18  hours  per  day, 
and  the  minumum  is  over  $16,000  per  year. 

We  have  some  few  long-hour  day  customers  at  two 
and  a  half  cents  per  kw-hour,  and  with  minima  so 
proportioned  as  to  insure  us  a  reasonable  return  on 
the  investment  required  to  take  care  of  the  load.  On 
the  other  hand,  such  customers  as  mills  and  factories, 
which  use  current  for  only  six  months  of  the  year  or 
less,  and  then  for  an  average  of  not  more  than  an  hour 
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per  day  at  the  peak  of  the  load,  can  not  be  profit- 
ably carried  at  any  price  unless  the  station  happens  to 
have  plenty  of  reserve  capacity. 

H.  T.  Hartman, 

Philadelphia,  Pa, 

This  is  a  very  broad  question,  and  I  do  not  think 
it  can  be  answered  unless  more  facts  be  given.  There 
is  a  very  great  difference  in  cities  of  30,000  to  50,000 
inhabitants,  both  as  to  the  character  of  the  inhabitants 
and  the  character  of  the  business  done,  both  of  which 
aflfect  the  sale  of  electricity.  A  city  very  near  to  a 
large  city  is  very  different  from  a  city  of  the  same 
population  standing  by  itself,  and  the  amount  of 
business  done  is  very  different. 

I  have  compared  the  cities  of  Massachusetts  having 
the  population  named,  and  the  sales  per  capita  range 
from  $1.14  to  $4.68,  and  the  profits  per  capita  from 
17  cents  to  131  cents.  The  rates  charged  vary  from  20 
cents  to  14  cents  net.  The  lowest  regular  price  for 
incandescent-lighting  current  by  any  Massachusetts 
company  is  1 1  cents.  Of  course,  it  makes  a  great 
difference  whether  the  electric  current  is  for  incandes- 
cent lighting  or  whether  it  is  for  power ;  and,  again, 
it  makes  a  difference  whether  the  power  is  for  manu- 
facturing purposes,  to  be  used  10  hours  a  day,  or 
for  railway  use,  where  it  is  used  18  or  20  hours 
per  day.  Current  for  power  is  being  sold  in  Massa- 
chusetts at  from  ten  cents  to  two  and  one-half  cents 
per  kw-hour,  according  to  conditions.  I  should  say 
that  the  average  price  for  current  for  all  purposes  in 
cities  from  30,000  to  50,000  population  should  not  be 
less  than  15  cents  per  kw-hour. 

F.  Ellwood  Smith, 

Somerville,  Mass. 


711 


68, — In  a  large  station^  what  is  the  best  voltage  of 
generators  when  about  one-half  of  the  current  is  for 
local  distribution  within  a  radius  of  five  miles  and 
the  other  half  to  be  raised  to  high  voltage  for  long- 
distance  transmission  ? 


I  would  say  that  under  the  conditions  named  we 
recommend  operating  generators  at  the  so-called  2,000- 
volt  pressure,  or,  say,  2,400  volts. 

Dudley  Farrand, 

Newark,  N.  J. 

Our  electrical  superintendent  advises  me  that,  in 
his  opinion,  3,300  volts  would  be  the  best. 

Henry  A.   Pierce, 
Pawtucket,  R.  I. 

In  a  large  station,  the  load  of  which  is  divided 
between  local  service  and  long-distance  transmission, 
the  best  practice  as  to  generator  voltage  is  undoubt- 
edly that  voltage  which  is  best  suited  for  the  local 
service.  For  a  radius  of  five  miles,  if  the  load  is  a 
large  one,  4,400  volts  may  be  required,  while  the 
degree  of  load  may  be  such  that  2,200  volts  would 
suffice.  For  the  long-distance  service,  step-up  trans- 
formers would  be  necessary,  and  these  would  cost 
approximately  the  same  whether  the  generator  voltage 
were  400  or  4,000.  It  would  be  poor  practice  to  use 
one  generator  voltage  for  local  service  and  another 
for  long-distance  work  in  order  to  dispense  with  step- 
up  transformers,  for  the  reason  that  the  flexibility  of 
the  station  would  be  impaired. 

E.  Grissinger, 

Buffalo,  N.  Y. 
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69. — /s  it  desirable  to  place  high-tension  circuits 
(^lo^ooo  to  20y000  volts^  running  from  generating 
stations  in  country  districts  to  substations  in  cities^ 
under  ground  within  city  limits  ? 


This  is  being  successfully  and  profitably  done  at 
St.  Paul,  Minn.  Current  is  being  transmitted  under 
ground  for  a  distance  of  three  miles  at  25.0CXD  volts. 
One  paper-covered  and  one  rubber-covered  cable  are 
being  used.  Henry  L.  Doherty. 


70. — Can  converters  supplying  street-railway  load 
be  operated  from  three-phase  or  two-phase,  60-cycle, 
separately  excited  alternators,  which  are  at  the  same 
time  supplying  a  lighting  load  of  incandescent  lights 
and  arc  lamps?  Will  the  pulsating  load  on  the 
rotary  cause  a  fluctuation  at  the  generator  beyond  that 
which  is  occasioned  by  engine  regulation?  Can  this 
be  done  with  perfect  success  without  storage-battery 
auxiliary^  or  some  such  arrangement,  to  take  care  of 
the  wide  fluctuations  ? 


The  conditions  controlling  this  problem  are : 

(a)  Engine  regulation, 

(b)  Generator  regulation, 

(c)  Line  regulation, 

(d)  Rotary  characteristic, 

(e)  Ratio  of  fluctuations  of  railway  load  to  total 
load. 

To  operate  converters  under  the  conditions  specified: 

(a)  Engine  regulation  can  not  usually  be  safely 
made  less  than  four  per  cent  from  no-load  to  full- 
load  in  order  to  insure  proper  division  of  load  between 
generators. 

(b)  Generator  regulation  should  be  specified  as 
six  per  cent  or  better. 
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(c)  Line  regulation  should  be  perfect ;  that  is, 
connection  made  to  'bus-bars  by  separate  conductors 
for  the  converters. 

(d)  Rotary  and  transformers  supplying  it  should 
have  small  inductance ;  rotary  should  have  compound 
winding,  so  adjusted  that  it  will  have  power  factor  of 
unity  at  50-per-cent  load.  This  will  tend  to  compen- 
sate for  the  generator  and  engine  regulation,  by 
strengthening  the  generator  fields. 

(e)  Suppose  the  load  to  fluctuate  50  per  cent  of 
the  capacity  of  the  unit  in  service,  then  the  engine 
speed  would  fall  two  per  cent  and  the  generator  volt- 
age would  be  reduced  three  per  cent,  which,  added  to 
the  engine  drop,  would  make  a  total  of  approximately 
five  per  cent  Should  the  rotary  be  only  shunt-wound, 
the  eiOFect  of  the  lagging  current  would  give  a  further 
drop  in  the  generator  voltage.  Five  per  cent  drop  is 
too  great  a  variation  for  good  lighting  service,  but 
one-half  of  this,  or  two  and  one-half  per  cent,  can  be 
safely  taken  care  of,  which  means  that  if  the  load 
fluctuations  are  not  more  than  25  per  cent  of  the 
capacity  of  the  unit  or  units  in  service,  good  lighting 
service  can  be  given  from  a  system  that  is  simulta- 
neously supplying  railway  load  from  rotary  converters. 

H.  G.  Stott, 

New  York. 


DISCUSSION 

The  President  :  We  should  like  the  members 
present  to  discuss  this  question. 

Mr.  Perkins:  Representing  the  Youngstown  Con- 
solidated Gas  and  Electric  Company,  I  believe  that 
we  have  all  the  apparatus  and  all  the  conditions  out- 
lined in  this  question,  including  the  storage  batteries ; 
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and  while  we  know  what  to  do  to  get  along  success- 
fully, I  hardly  know  what  to  outline  as  a  general  case^ 
and  I  do  not  believe  it  can  be  done.  Each  case  -must 
be  worked  out  on  its  own  merits.  I  heartily  agree 
with  what  has  been  read  as  a  written  answer  to  this 
question,  and  would  lay  more  stress  on  the  engine 
capacity;  that  is,  the  overload  factor  of  the  engine. 
It  was  a  surprise  to  me,  and,  no  doubt,  a  surprise  ta 
others,  to  hear  that  the  rotary  converters  could  be 
adjusted  to  make  up  for  all  ordinary  engine  regulation 
and  all  of  the  generator  regulation.  If  the  engine  is 
made  large  enough  to  take  care  of  the  peaks,  the 
engine  and  generator  regulation  will  be  taken  care  of 
by  the  rotary.  Very  fine  operation  can  be  obtained 
up  to  the  point  where  the  engine  begins  to  lay  down. 
The  specification  for  this  is,  as  the  written  answer 
states,  that  the  rotary  shall  be  compounded  and  that 
the  field  rheostat  be  set  for  a  power  factor  of  one  at 
a  50-per-cent  load.  On  lower  loads,  the  rotary  will 
give  the  generator  a  lagging  current,  which  will  tend 
to  keep  down  the  voltage  that  would  naturally  rise  oa 
taking  off  a  load  from  both  engine  and  generator. 
On  loads  greater  than  50  per  cent,  the  rotary  gives 
the  generator  a  leading  current  which  tends  to  raise 
the  voltage  of  the  generator  and  to  counterbalance 
for  the  drop  in  voltage  that  would  naturally  occur  at 
heavy  loads. 

As  to  whether  both  light  and  power  can  be  oper- 
ated together,  I  do  not  think  it  can  be  done  at  all 
times.  In  another  plant  you  might  have  changed  con- 
ditions, and  under  certain  conditions  we  can  not  operate 
in  this  way.  During  the  daytime  we  are  operating 
about  800  kilowatts  in  railway  and  350  to  400  kilo- 
watts in  lighting  and  power.  I  do  not  believe  we  get 
any   voltage   variation    of   over  two   and   one-half   per 
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cent,  as  shown  in  the  written  answer.  At  times  of 
heavier  engine  overload,  which  are  necessary  for  econ- 
omy,, we  separate  the-  lighting  and  railway  by  a  double 
'bus-bar  system.  If  the  rotaries  are  properly  designed 
with  relation  to  the  engine  and  generator,  I  do  not 
think  there  will  be  any  fluctuations  due  to  the  rotary 
transformer,  and  I  take  it  from  the  question  that  .the 
party  means  ** pumping"  effect. 

With  regard  to  the  storage  battery :  I  do  not 
think  this  has  much  to  do  with  the  more  even  regu- 
lation, except  that  it  takes  off  the  peaks  that  are  too 
great  for  the  engine ;  that  is,  it  has  no  steadying 
effect.  If  the  engine  were  considerably  overloaded, 
the  storage  battery  would  save  that  part  of  the  drop ; 
but  the  regulation  due  to  the  rotary  transformer  is 
automatic,  and  does  not  require  any  assistance  from 
the  storage  battery  up  to  the  point  of  great  overload 
of  the  engine.  We  have  storage  batteries  where  I  can 
see  that  there  is  no  particular  gain  in  better  regula- 
tion, except  that  it  takes  off  the  peaks,  which  would 
be  of  advantage  to  make  up  for  lack  in  engine 
capacity.  Our  engines  are  rated  much  larger  as  com- 
pared with  the  generators.  Generators  on  railway 
loads,  especially  alternating  current,  will  stand  great 
overloads ;  but  if  you  have  not  the  engine  to  do  the 
work,  you  can  not  get  the  regulation. 

Mr.  Charles  F.  Scott  :  There  is  one  element 
that  we  have  been  leaving  out  in  the  discussion  of 
the  operation  of  such  an  alternating-current  plant  as 
is  referred  to  in  this  question.  We  talk  about  the 
apparatus ;  but  that  is  not  the  only  thing.  It  requires 
the  combination  of  a  man  who  knows  how  to  get  the 
right  kind  of  apparatus  and  knows  how  to  oper- 
ate that  apparatus  in  the  right  way.  The  important 
thing — which  Mr.  Perkins  did  not  mention — about  the 
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Youngstown   plant  that  is  operating  so   well   is   Mr. 
Perkins  himself. 


71. — How    is   the    **  Tub    Transformer''   for   arc 
lighting  regarded  from  the  central-station  standpoint  ? 


The  chief  advantage  that  occurs  to  me  is  that 
one  machine  can  be  used  for  both  incandescent  and 
arc  lighting.  By  this  method  only  one  type  of 
machine  is  required,  and  instead  of  having  to  pur- 
chase two  types,  two  machines  of  the  same  type  may 
be  used,  giving  a  spare  machine,  or  one  to  help  out 
in  case  of  overload. 

During  the  hours  when  the  incandescent  load  is 
small,  the  arc  load  helps  to  bring  up  the  total  load, 
enabling  the  generator  to  run  at  a  more  efficient  point 
than  where  two  small  machines  are  used  each  with  a 
light  load.  J.  E.  Barker, 

El  Paso,  Tex. 


APPENDIX 


REPORT   OF   COMMITTEE    ON    PRESIDENT'S 

ADDRESS 


Mr.  President  and  Members  of  the  National  Electric 
Light  Association  : 

Your  committee  appointed  to  report  on  the  presi- 
dent's address  takes  pleasure  in  stating  that,  after 
giving  the  entire  subject  most  careful  consideration,  it 
most  heartily  indorses  the  breadth  and  scope  of  the 
address,  and  the  many  novel  and  unique  ideas  con- 
tained therein,  all  of  which  it  is  sure  will  work  to  the 
benefit  of  the  association  if   systematically  carried  out. 

APATHY    OF    MEMBERSHIP 

The  remarks  on  this  subject  are  highly  appropriate,, 
and  recall  the  fact  that  the  work  of  large  committees 
has  been  unsatisfactory  through  lack  of  concerted 
effort  and  that  the  ideal  condition  would  point  to 
individual  responsibility  and  work  of  all  the  members. 
This  does  not  mean  that  committee  work  can  be 
entirely  discarded,  but  that  much  of  the  work  should 
be  carried  out  individually,  by  appointment  or  election  ; 
the  idea  in  its  entirety  to  be  to  get  more  work  from 
a  larger  number,  thereby  increasing  the  interest  and 
responsibility  of  the  general  membership. 

PROGRAMME    METHOD 

The  effectiveness  of  this  policy  as  outlined  above 
has  been  shown  in  a  gratifying  manner  by  the  uniform 
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interest  and  thoroughness  of  the  discussions  brought 
out  in  this  meeting. 

We  recommend  that  thoroughly  prepared  discus- 
sions on  the  more  pertinent  questions  submitted  by 
members  be  assigned  to  competent  persons,  and  that 
these  discussions  be  supplemented  by  written  answers 
from  the  membership  in  general. 

We  further  recommend  that  other  questions  brought 
out  by  the  question-box  method  be  grouped  by  sub- 
jects in  the  discussions,  to  eliminate  waste  of  time  and 
to  focus  the  attention  of  the  association  on  the  specific 
question  under  consideration. 

PROGRESS    EDITOR 

You  will  all  agree  with  the  president  and  this 
committee  that  in  the  past  too  much  detail  work  has 
been  expected  of  the  president,  and  that  he  should 
have  more  time  to  devote  to  the  general  policy  and 
to  the  direction  of  his  assistants  in  the  work  of  the 
association. 

Further,  as  a  part  of  the  scheme  for  individual  and 
concentrated  work,  we  recommend  the  election  of  a 
progress  editor,  whose  duty  shall  be  to  report  at  each 
meeting  on  the  progress  of  the  art,  by  subjects,  for 
the  year  just  past ;  this  report  to  be  brief  and  to  the 
point,  but  with  such  information  as  will  enable  the  in- 
dividual members  to  take  up  more  fully  any  one  ques- 
tion, at  their  leisure. 

Since  the  report  of  the  nominating  committee  has 
already  been  made  and  officers  elected,  we  recommend 
that  the  position  of  progress  editor  for  the  coming 
year  be  filled  by  appointment  by  the  incoming 
president. 

AFFILIATION    OF    OTHER    ORGANIZATIONS       ' 

We  agree  with  the  president  that  the  affiliation  and 
support   of   other    associations    similar    to    our   own    is 
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highly  desirable,  and  recommend  that  the  secretary  be 
instructed  to  extend  to  the  officers  of  such  associations 
a  cordial  invitation  to  attend  our  meetings. 

We  further  recommend  that  the  secretary  be 
instructed  to  invite  the  technical  heads  of  the  various 
leading  universities  and  colleges  to  attend  the  meetings 
of  our  association,  and  also  to  communicate  with  the 
faculty  of  such  institutions,  urging  them  to  provide  for 
the  attendance  of  such  technical  heads  or  their  repre- 
sentatives. 

METRIC    SYSTEM 

We  recommend  that  this  matter  be  made  a  subject 
for  discussion  at  our  next  annual  meeting. 

UNDERGROUND    CONSTRUCTION 

We  recommend  that  Mr.  Doherty's  offer  to  award 
a  gold  medal  to  the  contributor  of  the  most  compre- 
hensive paper  on  underground  construction  be  ac- 
cepted, with  the  condition  that  there  shall  not  be  less 
than  five  contributors,  and  that  the  judges  of  such 
papers  be  appointed  by  the  president. 

ADDITIONAL     NOVEL    IDEAS 

In  line  with  Mr.  Doherty's  suggestions  on  **  Ad- 
vantageous Work  that  Might  Be  Done  by  the  As- 
sociation," we  recommend  the  institution  of  a  Wrinkle 
Department,  the  editor  of  the  same  to  be  appointed 
by  the  incoming  president,  the  editor  in  turn  to  ap- 
point his  editors  or  assistants. 

We  further  recommend  that  the  incoming  president 
appoint  a  reporter  on  the  following  subjects : 

Decorative  Lighting, 

Sign  Lighting, 

Office  Methods  and  Accounting, 
and  a  committee  of  one    on    lost    and    unaccounted-for 
current. 
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The  recommendation  for  these  latter  appointments 
is  made  with  the  assurance  that  they  will  develop 
funds  of  valuable  information  regarding  the  matters 
referred  to. 

In  conclusion,  we  wish  to  say  that  we  have  not 
tried  to  go  into  endless  detail  regarding  these  interest- 
ing questions,  but  that  they  will  all  appeal  to  you  as 
being  prime  factors  in  increasing  the  interest  in  our 
meetings. 

Respectfully  submitted, 

J.  H.  Perkins,   Chairman, 
C.  F.  Hewitt, 
R.  S.  Kelsch. 


Upon  motion,  the  report  was  accepted,  and  it  was 
unanimously  resolved  that  the  recommendations  of  the 
committee  be  adopted. 


For  underground,  aerial,  submarine,  switchboard 
and,  in  fact,  general  use,  where  an  insulated  wire  is 
required,  it  has  no  equal. 

This  is  the  unanimous  opinion  of  Electrical  Engi- 
neers and  Station  Managers  all  over  the  country,  after 
years  of  use  under  the  most  exacting  conditions. 

ONLY  ONE  GRADE  MANUFACTURED 
AND  THAT  THE  BEST 

Therefore,  in  buying  "Okonite"  no  chances  are 
taken  of  being  supplied  with  an  inferior  article  to 
meet  a  "cut"  in  price. 

A  fact  which  can  not  be  too  strongly  emphasized 
is  that  a  low  grade  of  wire  is  not  only  a  source  of 
danger  and  an  annoyance,  but,  in  the  end,  of  far 
greater  expense  than  a  high  grade. 

MORAL: 
USE 


OKONITE' 

PRICES  ON  APPLICATION 

Manufacturers  also  of  Okonite  Tape,  Manson  Tape, 
Candee  Weather-proof  Wires  and  Candee  Patented 
Pot  Heads. 

THE  OKONITE  COMPANY 

LIMITED 
253  BROADWAY,  NEW  YORK 


"Wood"  Arc  Lamps 

Form  C 

High  gnd*  ooBftnutloii  vltb  tlu  bait  iut«iUli 

oombltMd  vltb  ezptrlmoad  i^rigiilBK  makai  Am* 

"tlu  btat  Immpi  oa  th«  mftrkat" 


Direct  CurrenC  Series  Lamp 
Dirwt  Cnmnt  BsrlM  Am  LMnp—BoIlatin  10S6 
Sirvot  Comnt  Power  Clrenit  Lamp— Bnllatls  109I 
Siraot  OniMnt  110  Volt  An  Lamp-BnUMla  10S9 

Fort    Wayne     E,lectrlc    WorKs 

M>la  Ofric«  mnd  F&ctBrr       «       «      «       Fort  W&yoa,  Ind. 
Branch  Otflcaa  In  oil  Lar«a  Cltlaa 


The  Electric  Storage 
B  attert  Compant 

Philadelphia 


niMHfactMrcr  of  tht 


Cbloribe  Hccumulator 

CeNtrjil  SMtiOH  CigbtiNg  ana 

Tsoimea  CigbtiNg  ana  Power 

electric  Railway  Power  ana 
$Mb  Stations 

telegraph.  Tire  Jllani,  Cele- 
DDone,  etc. 

Send  for  Deicriptive  BMlletini  ana  Price  Ciiti 

•  «  «  $al($  Officct  •  «  • 

NEW  YORK  BOSTON  CHICA60  BALTIMORE 

lOOBroadmy  '  60  Stat*  St.      Marquette  BMg.     Cantlnantal  Truat  Building 

ST.  LOUIS  CLEVEUND      SAN  FRANCISCO         PHILADELPHIA 

WalnwrlgM  BIdg.  New  England  BIdg.  Nevada  Block  Allegheny  Ave.  ft  1 9th  St. 

DETROIT  HAVANA,  CUBA 

Michigan  Electric  Co.  6.  F.  Greenwood,  Mgr.,  34  Empedrado  Street 


»» 
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E,LE,CTRODUCT 


TRADE 

-ELECTRODUCT- 

MARK 


The 


Original  Ernameled 
Steel  Conduit 


Used    throughout    the   w^orld   as 
electric  w^irea. 


a    racew^ay  for 


Especially  approyed  by  the  moat  eminent  authori* 
tiea  for  uae  in  fire-proof  buildiaga,  ^varahipa» 
merchant  Teaaela»aadw^hereTer  the  beat  poaaible 
protection  ia  required  for  electrical  coaductora. 

The  enameling  compound  ia  elaatic;  it  ia  alao  acid- 
proof,  ^fvater-proof ,  ruat*proof  • 


€€ 


CIRCULAR  LOOM 


ft 


THE  IDEAL 
FLEXIBLE 
CONDUIT 


^;,\RCUL4^ 


F  O  R  ^  ^  ^ 
INTE^RIOR 
WIRING 


Approved  by  All  Boarda  of  Fire  Underwritera 
in  the  United  Statea.  E^ndoraed  and  Uaed  by 
Architecta,  Electrical  Engineera  andContractora. 


AMfLRICAN  CIRCULAR  LOOM 

COMPANY 

CHELSEA,  MASSACHUSETTS 


NEW  YORK— R.   B.  Corey,  26  Cortlandt  Street 
CHICAGO— Thoa.  G.  Grier,  128  W.  Jackaon  Boulevard 


724 


The  Bryan-Marsh  lamps  are  sold  with  the 
business-lilce  guarantee  that  they  will  deliver  more 
light  {Candle  Hours)  for  one  cent  than  lamps  of 
any  competitor. 

BRYAN-MARSH   COMPANY 

136  LIBERTY  ST.,  NEW  YORK 

Ohh.M  Psrtlii  miMLiw 
FACTORY,  MARLBOROUGH,   MASS, 


nnnrfl'a'fl  awrwrvinrfa't  a  a  a  gmnrrtt'ya'ag  b 


Elblight  System 


(fjitintcd) 
FOR 


Dnatif  6  llliitioii 

DISPLAYS  -  SIGNS  -  EMBLEMS 

Water- Proof 
Aoid- Proof 
Gas- Proof 

For  Tunnels 
Mines  and 
Factories 

WHEREVER    YOU    STICK 
THE     LAMP    IT     LISHTS 

ELBLIGHT  COMPANY  OF  AMERICA 

114  W«st  32d   8tr««t,  NEW  YORK,  N.  Y. 

ELILI6HT  COMPANY  OF  PinSBURS 

CantrDllIn)  PItltburi,  Wtttarn  P«nn. 
ELBLIGHT  COMPANY  OF  CHlCAeO 

Contnilllng  Chlcqo  (Ad  llllncit 
CINCINNATI  ELBLIOHT  COMPANY 

Conlralling  Ohio.  Kintiick)  ml  IniliRa 


AGENTS  IN  AU  LAR6E  CITIES 


BflflflBaaaiHHlBCBC(HHHHlflO(tOOOflPBCBO.OflBqqHOQOflnq 
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INTERIOR 


CONDUIT 

AND  APPLIANCES 


THE  SPRAQUB   ELECTRIC  COMPANY 

manufactures  a  larger  variety  of  conduits  and  appliances 
than  any  other  manufacturer  in  the  cotld.  The  conduits 
made  by  this  Company  are  designed  for  use  in  every 
climate  and  under  all  possible  conditions,  and  represent 
the  latest  advance  in  the  art  of  electric  wiring.  For  each 
type  of  conduit  there  is  a  full  line  of  junction  boxes, 
fittings,  tools,  etc.  The  best  results  are  always  obtained 
by  using  conduits  and  appliances  manufactured  by  the 

SPRAQUE 

ELECTRIC  COMPANY 

General  Offices:  527-53 1  West  34th  St.,  New  York 


WESTON  SL. 

VOLTMETERS, 

AMMETERS, 

MilUvoltmeters. 

Voltam  meters. 

Mil  lam  meters. 

Ground  Detectors,  and 

Circuit  Testers, 

Wattmeters, 

Ohmmeters» 

Portable  Qalvanometers. 


WEtTOH  SIAtVAm  MUIMI  DMCCI-tLUlM  VM.TMETCI. 

Our  Portable  Instruments  are  recogrnized  as  THE  STANDARD 
the  world  over.   Tbe  Semi-Portable  Laboratory  Stand- 
ards mre  still  better.     Our  SUtlon  Voltmeters  And 
Ammeters  are  unsurpassed  la  point  of  extreme 
accuracy  and  lowest  consumption  of  energy. 

Weston  Electrical  Instriunent  Co., 

WAVBRLV  PARK. 


* 

t 


Rubber 

• 

Insulated 

Wire 

Lead    Covered 

Cables 
Aerial    Cables 

Magnet 

Wire 

• 

John  A.  Roebling's  Sons  Go. 


Trenton,  N.  J. 


BRANCH   OFFICES  AT 


1  1  7  and  1  1  9  Liberty  St. 
NEW  YORK 

32  South  Water  St. 
CLEVELAND,  O. 


I  7  1  and  1  73  Lake  St. 
CHICAGO.  ILL. 

25  and  27  Fremont  St. 
SAN  FRANCISCO.  CAL. 
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'  lnn*r  and  Outtr  Glebe*  for  all  Enelestd  Are  Syit*ms 
of  Standard  Exeallanoe  and  Quality. 
CATALOGUE    READY. 


GENERAL  ELECTRIC 
COMPANY'S 

Type  "//"   Transformers 

CORE   TYPE 


Type  *'B"  Trusfor» 
en — even  of  the 
largest  size — never 
have  any  part  of 
the  copper  more 
than  one  and  one- 
half  inches  from 
cooling  oil.  There-  ' 
fore  UmpatitMm  aU 
eipaiHMi  uv  nltnw 
in  all  parts — a  re- 
sult even  more  de- 
sirable than  low 
average  tempera- 
ture. 


OBNBRAL  OFFICES 

SCHENECTADY,  N.  Y. 

New  Voric  Office,  44  Broid  St.         Sales  Offices  In  dl  Laiie  Cities 


BARGAINS 


Alternators,  Arc  Generators, 
Railway  Generators,  Transform- 
ers, Arc  Lamps,  Central  Station 
Apparatus  of  all  kinds.  Engines, 
Boilers,  Condensers,  and  Pumps 
for  every  service,  including  com- 
plete Water  Works  Plants.  Re- 
pairing of  all  kinds.  Motors  of 
all  kinds  and  for  every  service. 

We  have  a  good  proposition 
for  those  desiring  to  exehange 
their  apparatus  for  something 
larger  or  more  modern^ 

We  buy  outright  for  Cash 
all  kinds  of  good  second-hand 
apparatus. 

We  Sell,  Exchange  and  Rent. 

Correspond  with  the  most 
successful  machinery  house  in 
the  East. 


A.  G.  SCHOONMAKER  CO 

126  Liberty  Street 
NEW  YORK,  U.  S.  A. 
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■  TYPE   "A" 

MOLONEY  TRANSFORMER  I 


Hifbest  Ali-daj  tiVKkacy,  Electrically  and  Conmerctall; 

Lowest  Possible  Core  Losses 

fiesnlatioi  aid  Valilation  Perfect 

We  have  embodied  in  ihJs  product  all  that  is  best  io  the 
art  of  IiansfOTiner  building.  A  fact  established  b^  the  many 
severe  tests  lo  which  our  transformer  has  been  subjecied. 

nOLONEY  ELECTRIC  COHPANY 

St.  Louis,  Ho.,  U.  5.  A. 


f0»0^0M^0»M^»00»»i^^^*»^^9»*»»09^^»»»^l^^M^00M^i^^^09»•i 


The  National 

Conduit  6  Cable 

Company 


Original  Manufacturers  and  Patentees 
of  Paper-Insulated  Gibles  and  Cement- 
Lined  Pipes  for  all  Qasses  of  Electric 
Serrice^  Electric  Railway^  Light  and 
Power^  Tel^hone  and  Tekgraph^  also 
Bare  G>pper  and 

Weather-Proof  Wire 


At  leaMt  tiiree-quartcn  of  the  tindcfgrouiuf  cablet 
in  the  United  States  are  paper  Inaulated*  Our 
itfongttt  Indonement  is  foond  in  tiie  ^ct  that 
our  competiton  are  endeavoring  to  put  cheap 
imitatlont  on  the  market  BETARE  OF 
INFRINGERS.  U  you  want  the  bnt,  or  to 
learn   what  it   the  t)eit»  communicate   with   us 


£,X£CUTIV£   OFFICBS 


Times   Building,  New  York 


Branches;  Chicaao,  R.ooKery;   Philadelphia*  Real 
ErState     Trust    Building;     Boston,    Delta    Building 
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Columbia  Carbons 

Guaranteed    to   be    the    best    enclosed    arc 

carbons    produced    in    this   or   any 

other  country. 

Columbia  Batteries 

Recognized   everywhere  as   the   most  effic- 
ient   dry    cells   on    the    market. 

Columbia  Brushes 

Representing    the     highest     type     of    the 

brush-makers'   art. 


These   are   our   leaders,  but   we    make 

Everything  in  the  Carbon  Line 

Battery     cylinders,    filament    blocks,    back 

plates,  diaphragms,  crucibles,  pencils, 

balls,  blocks,  rods,  strips,  plates. 

Garbont  for  Eloctro-Ghonlcal  and  Eloctro- 

■otallurglcal  Work. 


National  Carbon  Company 

CLEVELAND,  OHIO 
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Electric  Lighting 
Generators 


Operating  successfully   in   many   plants    because   of 
superior  workmanship  and  accurate  design. 


Crocker-  JVheeler 
Company 

Manuf*clurers  and  Electrical  Engineers 

Ampere,  N.  J. 


HABIRSHAW'S 

STANDARD  WIRES 
AND  CABLES 


Leaded  and    Armored  Marine   and   Submarine 

Torpedo   and    Mine 


High-Tension 
Three-Phase 


FIXTURE  WIRES  *         TELEPHONE  CABLES 


HalHrshaw's  Celebrated  Red  Cores  ani  White  Cores 


ESTIMATES    GIVEN    ON 
ALL  KINDS  OF  WIRES 
AND    CABLES    TO    MEET 
SPECIAL    CONDITIONS 


THE  INDIA  RUBBER  and  GUHA  PERCHA 

INSULATING  COMPANY 


W.   M.  HABIRSHAW,  acNL  Men. 


Gienwood  Works,  YONKERS,  N.  Y.,  U.  S.  A 
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muB  mmum  urn  to. 

Bare  Wire  and  Cables 
Weather-proof  Wire  and  Cables 
Rubber  Insulated  Wire  and  Cables 
Lead  Covered  Cables 
All  Insulations— For  Any  Service 

We  Contract  for  Complete  Installations  of  Cables 

GUARANTEEING    RESULTS 

Address  Our  Nearest  Office 

aonoral  Gffffico :  PITTSBURa,  PA. 

BOSTON  NEW  YORK  PHILADELPHIA 

101   Milk  St.  56  Liberty  St.  Betz  Bldff. 

CHICAGO  SAN  FRANCISCO 

The  Rookery  Mills  Bldff. 


:Kr=:S3 


yy  t  e  m 


Typifies  machinery  markedly  superior  in  points 
of  engineering  and  manufacture  over  ordinary 
electrical  apparatus.  It  comprises  the  latest  de- 
velopments and  improvements  in  Generators, 
Transformers,  Rotary  Converters,  Motor  Genera- 
tor Sets,  Switchboard  Apparatus,  Etc.,  and  now 
includes  Railway  Equipments  and  Supplies. 
S.  K.  C.  apparatus  is  unequaled  for  its  simplic- 
ity and  reliability. 

Otanley   £#lectric   ^lfg«   C^ompany 

PITTSFIELD,  MASS. 
Sales  Offices  througheut  the  Ceuntry 
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The  L.  &  K.  System  of 
Novel  Circular  Advertislxg 


LivERMORE  &  Knight  Co. 

Illustrators,  Printers  and  Advertisers 


Head  Office  and  Factory 

Providence,    R.    I. 


Diehl  Apparatus 

is  known  throughout  the  world  for 

PERFECTION    IN    CONSTRUCTION 

AND   OPERATION 

FANS,    Ceiling,    Electrolier,    Column,    Desk,    Bracket, 
Trunnion 

EXHAUST  FAN  and  BLOWER  outfits 

SMALL  MOTORS  for  Sewing  Machines,  etc. 

MOTORS,  Open  or  Enclosed 

GENERATORS,  Belted  or  Engine  Type 

Diehl   Manufacturing  Company 

« 

ElizalMttepoK,  New  Jersey 
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cc 


G.  I."  CO. 


PRODUCTS 

Arc  Lamps,  D.  C.  Multiple  and  Series 

A.  C.  Multiple 

A.  C.  Series 

Glassware,  Parts  and  Sundries 

Carbons 

Automatic  Switches 

Circuit  Breakers 

Fan  Motors,  Desk,  Bracket  and  Trunnion 

High  Tension  Oil  Switches  and  Apparatus 

Incandescent  Lamps *    

Knife  Switches,  Standard  and  Quick  Break 

Motors,  Motor  Generators,  Generators  and  Rotary  Con- 
verters  

Outlet  Boxes,  Watertight  for  Floors 

Panel  Boards 

Plugs  and  Receptacles 

Push  Button  Switches 

Rheostats 

Sewing  Machine  Transmitters— Alternating  Current 

Direct  Current 

Switchboards 

Underground  Material,  Junction  Boxes 

Volt  and  Ammeter  Switches 

Wright  Discount  Meters 


BULLETIN 
NO. 

j  171-172 
I    72-74 
j  75 
1  182 

283 

200 
154 
152 
162 

53 

90 

50 

164-161 

94 

51 

154 

154 

240 

•  65 

Estimate 
91 
155 
93 


WRITE    FOR   THEM 


Gentlemen;  Allow  us  to  call  your  atten- 
tion to  our  list  of  *  *G.  I.  '  '  Bulletins. 

Besides  prices  and  illustrations  they 
contain  very  interesting  descriptive 
matter  which  will  prove  of  value  to  you. 

It  will  be  our  pleasure  to  mail  you 
any  of  them  prepaid.    Yours  truly, 

eENERU  mClNDESGEIIT  ARC  LieHT  GG. 


New  York,  N.  Y. 


: 


48  W.  Jackson  Boulevard,  Chlotgo,  lU. 
220  Devonshire  St.,  Boston,  Mass. 
638  Century  Bld0.,  St.  Louis,  Mo. 
510  NewEngiand  BIdg.,  Cleveland,  Oliio 


1732  Champa  St.,  Denver,  Colo. 
319  Hayward  BIdg.,  San  Francisco,  Cal. 
57  Perrin  BIdg., Cincinnati,  Ohio 
115-117  Cannon  St.,  London,  E.  C,  Eng. 
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WANTED  FOR  CASH 

GENERATORS  and  MOTORS. -the  larger, 
the  better.  We  carry  the  largest  atock  of 
SECOND-HAND  DYNAMOS  and  MOTORS 
In  this  country  and  are  ready  to  make 
C^SH  offers  for  Dynamos,  Motors,  Sup- 
plies, Meters  and  Transformers,  and  can 
PAY  HIGHER  PRICES  because  we  have  a 
larger  outlet.  Make  a  list  of  the  apparatus 
you  have  to  selh  and   get  our  offer. 

GREGORY  ELECTRIC  CO. 

54-56-58-60-62  South  Clinton  St.,  Chicago 


WW^A/UM/M/VVVWVVWV 


motors 
Jlrc  Camps 

BrMktr 


6eiierator$ 
Switchboards 

Eltctrical 
Supplies 


BalleWu  Star 

mestern  eiecinc  eompany 

CMciflo  Tttw  Verk  saint  Eonli 


GOULD 

Storage  Battery  Co. 

Central  Station 
Railway  Sub-station 
Isolated  Plants 

Complete  Equipments 


BULLErTIN   No.  2   DESCRIBING 

Gould    Boosters    Systems 

ON    APPLICATION 


WorRs  -  Depew,  N.Y 

Office,  25  West  33dSt.,  New  York 


SALES   OFFICERS 

CHICAGO,  The    Rookery 
SAN  FRANCISCO,  Century  Electric  Co. 
BOSTON,  53   State    Street 
PITTSBURG,  Pittsburg  Engineering  Co. 
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A  '•■'  Uamt 
B  '(r  Bagnall 
C  <or  Cash 


NEW   YORK   OFFICE 

G.  A.THOMSON 

136  Liberty  Street 

CHICAGO   OFFICE 

J.  G.  POMEROY 

309  Dearborn  Street 


AGENCIES 


The  PstllnocU-liulni 


CASn  SIVED  IT  use  OF 

AdaniS'fiagnall 
Arc  Lamps 


Adams -Bagnall  Electric 
Company 

CLEVELAND,  OHIO 


H.  W.  LTLE,  PrMMint  ind  Minagtr         B.  8.  UMHMO.  Vlci-Pnit.  tnd  SwjFvUry 

Standard  Vitrified  Cotiduit  Company 


Multiple    Duct, 

Square     Steel 

Single    Duct, 

KeyCennectlen 

Sel^Ca^terlnB 

Joint  or    Plain 

only 

Butt  End* 

VitrlMed  Salt  Glazed  Underground  Conduit 

39-4 1  Cortlandt  Street  New  York 


The    Electrical 
Revieiv 


No  oae  wlio  Ii0«est- 
ly  reads  the  ELECTRICAL 
REVIEW  will  fall  behiad 
the  tinea,  becf  aae  la 
its  bright  aad  attrac- 
tive  M9«s  will  be  foaad 

THE  lAIEST  MSCOVERIES 
IN  ELECTRICAL  SaEWX 

CLEAR  aad  FVaY  R.LUS- 
TRATED  DESCRIPTIONS 
•f  ELECTRICAL  APPII- 
CATIONSaadMACMNERY 

Aaioag  Its  coatriba- 
tors  are  lacladed  the 
recogaized   aathorltlea 


The  Pioneer  Elec- 
trical Weekly 
of  America 

ia  the  varioas  braachea 
of  ELECTRICAL  SQENCE 
aad  ENGINEERING 

IT  GIVES  THE  UTCST 
NEWS,  FOREIGN  aad 
DOMESTIC 

Its  editorial  policy 
is  fair,  aad  recogaizea 
the  geaias  of  the  ia- 
veator,  the  prog ressKe 
spirit  of  the  aMaafac- 
tarer  aad  the  skiM  of 
the  operatiag  eagiaeer 

Sabscriptioa    Price, 
$3.00  per  year 
Forelga,  $5.00 


•  « 


The   Electrical  Review 

13-21   PARK  ROW,  NEW  YORK 

CHICAGO   OFFICe,  40   OCAHSOHN   Sthckt 
LONDON   OrriCC,  42   Old    BrOAO   STRCCT 


THE    HOW  AND   WHY 
OF  ELECTRICITY" 

By  Charles  Triplcr  Child 

LATC    TKCHNICAL    BOITOH    OF  THC 
CLCCTRICAL  REVIEW 

The  author  of  this  little 
book  was  one  of  the  most 
lucid  and  pleasing  of  writers 
on  electrical  subjects,  and  he 
here  explains  in  a  simple  and 
discerning  manner  the  ele- 
mentary principles  of  elec- 
tricity. The  apparatus  and 
mechanisms  by  which  these 
are  applied  to  useful  ends 
are  concisely  described,  and 
their  methods  of  operation 
made  clear. 

This  book  will  give  to  the 
business  or  professional  man 
a  clear  Insight  into  electrical 
applications  and  methods  as 
they  are  to-day. 

Covering  as  it  does  the 
whole  field  of  electrical  en- 
gineering, it  can  be  read  with 
groflt  by  the  specialist  in  any 
ranch,  and  will  put  him  in 
touch  with  the  best  practice 
of  to^y  in  other  lines  of  work. 
Whfle  not  too  technical 
for  the  lay  reader,  it  contains 
information  for  the  engineer, 
as  wen  as  the  indent  o€  elec- 
trical scienceaudapplications. 


ELECTRICAL  TESTING 

We  are   now  Prepared  to   Undertake 

Electrical  Testing  of  all  kinds, 

Electrical  and  Photometrical  Standardization, 

Tests  of  Lamps,  Instruments,  Materials  and   Supplies, 

Accuracy    Tests    of    Indicating    and    Recording    Voltmeters, 
Ammeters  and  Wattmeters. 

Secondary  Standards  of  Candle-power  furnished. 

Lamp  Testing  Bureau 

14  Jay  Street,  New  York 

Telephone 
3388  Franklin 
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PASS  &  SEYMOUR,  inc. 

Solvay,  N.  Y. 

MANUFACTURERS  OF 

P  &  S  Electrical  Specialties 


AND 


Porcelain  of  Special  Design 


New  York  Office,  34  Dey  Street 

Chicago  Office,  130  W.  Jackson  Boulevard 

Boston  Office,  200  Sumner  Street 

San   Francisco  Office,  Mills  Building 
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Old  Established 


WALKER  &  KEPLER 

ENGINEERS  and  CONTRACTORS 


531    Chestnut   Street 
philadelphia 


ELECTRICAL  WORLD 

EINGII\EER 

Is  the  leading  electro-technical  Journal  of  the  world.  It 
keeps  Its  readers  In  touch  with  all  the  latest  develop- 
ments In  the  electrical  art  and  Industry;  It  contains  all 
the  news  of  Interest  to  the  electrical  trade. 

It  Is  the  only  electrical  Journal  which  translates  and 
digests  the  leading  articles  of  Its  foreign  contemporaries— 
It  publishes  this  Digest  every  week. 

It  Is  the  recognized  authority  upon  electric  lighting 
and  power. 

The  first  issue  of  every  month  Is  an  EXPORT  ISSUE 
and  goes  all  over  the  world. 

No  other  electrical  Journal  has  so  large  a  foreign  and 
domestic  circulation.    Subscription  price,  $3.00  per  annum. 

ELECTRICAL  WORLD  AND  ENGINEER 

I  14  Liberty  Street,  New  York 

OHICACO  -   PHILADELPHIA  -  OLEVELAND  -   LONDON 
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Increase  your  business  by 
advocating  Electrical  Adver- 
tising. The  A-B  Arc  Lamp 
for  Store,  Window  and  Street 
Illumination  is  superior,  due 
to  steady,  constant  and  fine 
quality  of  light  which  is  the 
result  of  a  perfect  (electric- 
ally and  mechanically)  Arc 
Lamp. 

Does  not  get  out  of  order, 
needs  no  repairs,  globes  do  not 
break  except  by  carelessness. 

Scientifically  correct  in  all 
details. 

Bulletins  upon  request. 

Made  for  all  Circuits. 

ELECTRIC  APPLIANCE  COMPANY 

92  and  94  West  Van  Buren  Street 
Selling  Agents  Chicago 
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American  Electrical  Werl(s 


MANUFACTURERS   OF 


Bare  and  Insulated  Copper  Wire  and  Cables 
Galvanized  Iron  and  Steel  Wires  and  Strands 


WE  CARRY  A  PULL  STOCK  OF 


Triple  Braid  Weatiierproof  Wire 
Slow  Burning  Weatherproof  Wire 
Slow  Burning  Wire 
Incandescent  Lamp  Cord 
Rubber  Covered  Wires  and  Cables 


CONFORMING   TO 

National  Electrical  Code  Standard 


Mmln  Offices  and  Factories, 

Phillipsdale,  R.  I. 

Mew  York  Otnoe*  SO  Oortlandt  Street 

Ohioaso  Storet  8S  Lake  Street 

Montreal  Branch,  Kusene  P.  Phillips  Bleotrloal  Works,  Limited 
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Operated  at  half  the 

cost  of  incandescent 

lamps.    The   effi- 

T 

ciency    is    equal   to 

that  of  the  enclosed 
arc    /.     .*.     .*.     .-. 
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Write  for  iUustrated 

P         1 

book    .-.    .-.    .-.    .-. 

Nernst  Lamp  Co.  1 

PITTSBURQ,  PA.                       1 

The  Westinghouse  Inte- 
grating Wattmeter   can   be 

depended  upon  to  begin  recording 
at  a  lighter  load  than  any  other 
meter  on  the  market  and  to  regis- 
ter with   accuracy  up   to   heavy 

overloads^  and  with  any  power- 
factor*   It  will  continue  to  do  so 

for  years  without  cleaning  or  re- 
calibration* 


The  Induction  type  of  meter  was  first 
introduced  by  this  Company.  It  is  manu- 
factured for  single  and  polyphase  circuits, 
and  for  three-wire  circuits,  of  any  voltage, 
frequency  or  capacity. 


Westinghouse  Electric 

and  Manufacturing  G>.,  Pittsburg,  Pa. 
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